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1.0 Introduction 
Under the authority of the Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 (CERCLA) and the Superfund Amendments and Reauthorization Act of 1986 (SARA), the Kentucky 
Department for Environmental Protection (KDEP) conducted a Site Reassessment (SRA) at the Richmond 
Ice Plant in Richmond, Madison County, Kentucky . 

A Preliminary Assessment was conducted in September 1987. This SRA discusses the area identified as a 
pond behind the plant. The pond was formerly used as the water source for the site to manufacture ice. 
The site was identified by the KDEP Frankfort Regional Office (FRO) during a complaint investigation in 
1973 (Ref. 4). An oily substance was found on the shore of the pond and a sheen was on the water 
surface. The FRO initially responded to a complaint of open dumping and odors in 1973 and inspected 
the site numerous times during the filling and abandonment of the pond which was completed in 1974 
(Ref. 4). 

This SRA was conducted using the Hazard Ranking System (FIRS) as an evaluation tool as well as the 
documents titled Pre-CERLCIS Screening Assessment: Guidance Manual, U.S. Environmental Protection 
Agency (EPA), Region IV Superfund Evaluation Section, August 2006, and Guidance for Performing 
Preliminary Assessments under CERCLA, EPA, September 1991, as guides for this SRA (Refs. 1-3). 

The scope of this SRA included a review of available file documentation, data, on-site reconnaissance 
and a review of existing targets and pathways and will concentrate on the pond area of the site. 

2.0 Site Reconnaissance and Trip Documentation 
The Richmond Ice Plant property is located at 816 Fleath Street, Richmond, Kentucky (App. A, Fig. 1). 
The site is approximately 2.8 acres in size with the former pond occupying approximately three-quarters 
of an acre. The site is bordered by a concrete plant (which appears to be inactive) and the CSXT Railway 
to the west. Big Hill Avenue and a mix of commercial and residential properties to the east, additional 
commercial properties to the north and an unnamed stream at the base of a 15 foot embankment to the 
south (Ref. 4; App. A, Fig. 1; App. B). The site can be accessed by vehicle from the north via Heath Street. 
The site is an open field with no access restrictions (App. B). 

The following GPS information and reference points obtained for the site (App. A, Fig. 1): 

Table 1: 
Richmond Ice Plant 
Lexington, Kentucky 

Site Coordinates 
Latitude 37.740941° 

Longitude -84.287132° 

Reference Point Plant Entrance (general) 

Source Map Scale Not Applicable 

GPS Type Map Interpolation 

Accuracy (meters) Not applicable 

Collection Method Google Earth 

Reference Datum NAD83 

Collection Date 5/3/2016 
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2.1 Ownership 
Richmond Ice Plant 
Private ownership 

2.2 Ownership History 
The Richmond Ice Plant began operation as early as 1905. Deed research at the Madison County Clerk's 
Office revealed that the Richmond Cold Storage and Ice Company went bankrupt in 1905 and was 
auctioned by Master Commissioner's Sale to the Richmond Ice Company. The Richmond Ice Company 
then transferred the ownership of the property to a private individual in 1970 (App. B; Ref. 5). 

3.0 Site Setting and Description 
The Richmond Ice Plant is located at 816 Heath Street in Richmond, Kentucky, approximately three-
quarters of a mile from downtown (App. A, Fig. 1). The surrounding area is a mixture of industry and 
residential neighborhoods (App. B). No residences, day cares or elder cares lie within 200 feet of the site 
boundary (App. A, Fig. 1; App B). Approximately 11,792 people live within 1 mile of the site (Ref. 6). The 
1987 Preliminary Assessment (PA) indicated that a population of 21,907 people resided within a one-
mile radius (Ref. 4. 

The city of Richmond lies within the humid subtropical climate zone with temperatures ranging from -
20®F to 105® F. The monthly mean average temperature ranges from 31.4° F in January to 75.0° F in July. 
The annual mean temperature is 54.3® F®. The annual precipitation averages 46.8 inches per year with 
the wettest months occurring in late spring and summer (Ref. 7). 

The site is currently a vacant lot with a well vegetated cover. In 1973 KDEP FRO personnel investigated 
complaints of household trash being illegally dumped at the site. An oily black staining was discovered 
on the bank and an oily sheen was found on the surface of the water near the bank (Ref. 4, App. B). A 
slimy substance was also observed but no additional description was provided. An inspection conducted 
by KDEP FRO personnel in 1978 indicated the site had been filled with dirt and concrete and no garbage 
was visible (Ref. 4). The building was demolished sometime between 1997 and 2007 (Ref. 8). 

The site lies in the USGS Richmond South Kentucky 7.5 minute topographic quadrangle (Ref. 9). The area 
is situated on Ordovician age deposits of the Drakes Formation. The Drakes Formation consists of 
grayish-green dolomitic and limy mudstones interbedded with sparsely fossiliferous dolostones. The 
Drakes ranges from 120 to 150 feet in thickness (Ref. 10, App. A, Fig. 2). The Drakes forms steep and 
cliffy slopes along large streams with dolostone/limestone slabs left as a result of weathering of the 
shales (Ref. 10). 

The Drakes can yield 100 to 500 gallons of water per day from wells drilled in broad valley bottoms and 
along streams in upland areas. Almost no water is produced in wells drilled along ridgetops or on 
hillsides. Small springs can be found along bedding planes between the shales and dolostone/limestone 
layers. Water from the Drakes Formation is typically hard and may contain salts or hydrogen sulfide. The 
shale beds limit the amount of water available to the limestone beds; therefore little to no dissolution 
occurs in these units limiting the number of openings for water flow (Ref. 10). 
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The dominant surface water system for the area is Otter Creek. Surface water flows across the site to an 
unnamed stream/drainage feature which flows northeast to Otter Creek. Otter Creek then flows north, 
northwest toward the Kentucky River (App. A, Fig. 4; App. B). The site does not lie within the 100 or 500 
year flood plain {App. A, Fig. 3). 

Soils at the site are described as Caleast silt loam. The Caleast silt loam consists of deep to very deep 
well drained soils which formed as a result of the weathering of the underlying Drakes Formation 
dolostone/ limestones. The pond area, which is the area of discussion in this report, was filled with 
concrete debris and soil hauled from offsite (Ref. 12). The pond was constructed to serve as a water 
source for commercial scale ice production around 1905 (Ref. 13). 

3.1 Operational History 
The Richmond Ice Company historically manufactured ice for public consumption and cold storage. The 
dates of the original ice company. The Richmond Cold Storage and Ice Company (RCSIC), could not be 
determined. The RCSIC declared bankruptcy in 1905 and was sold by a Master Commissioner's Sale. The 
Richmond Ice Company bought the property in 1905 and operated the ice plant until the 1980's. The 
property was sold to a private individual in 1970. The building was demolished between 1997 and 2007 
(Ref. 4; App. B). Based on newspaper articles in the Richmond Register, a local newspaper, the pond was 
reportedly built in 1905 as source water for the ice plant (Ref. 13). The pond was used as the source 
water for the ice plant until 1973 at which time the plant switched to a municipal supply (Ref. 4). 

The owner of the property began abandonment of the pond in 1973. In 1973 Frankfort Regional Office 
personnel responded to a complaint of pollutants being dumped into the pond. An inspection conducted 
by FRO personnel and Madison County Flealth Department (MCFID) personnel confirmed part of the 
pond's bank and water surface was impacted by a black oily substance as well as a "slimy substance". 
Household trash and other refuse were also noted during the site visit (Ref. 4). The release was 
discussed with the property owner who denied any knowledge of the oil or other refuse being dumped 
at the site. He stated that he was indeed filling in the pond with dirt and concrete material, i.e. 
demolition debris. The inspectors noted a small stream feeding the pond from the south and west. The 
stream flows along the drainage area of the CSXT Railroad. The property owner indicated the unnamed 
stream would be redirected along the edge of the area so as not to flow through the fill (Ref. 4). 

Inspectors from the FRO and MCHD indicated that the owner could fill in the pond using rock, concrete 
and dirt only and was given a copy of the solid waste disposal laws and regulations. A Notice of Violation 
was issued in April 1973 and a letter requesting a corrective action plan and schedule be submitted was 
sent to the owner (Ref. 4). 

The site was inspected again in April 1978 and the pond was filled in and graded but the perimeter of 
the site was not in acceptable condition and open dumping was still occurring. The owner was once 
again informed that he was in violation of solid waste regulations and was given a permit application. No 
further information concerning the site could be located in KDWM or MCHD files. 

A Preliminary Assessment (PA) site visit was conducted in August of 1987 by KDEP personnel. No 
municipal or industrial waste was noted during the site visit and appeared to be completely reclaimed 
with adequate cover and vegetation (Ref. 4). 

The site visit in May 2016 for the SRA confirmed the site was still adequately covered with a good 
vegetative cover. No waste, residential or industrial, was noted at the site (App. B). 
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3.2 Waste Characteristics 
Specific information regarding the operations and the waste streams at this specific site are not 
available; however general information is known regarding the manufacture of ice. This operation was 
known to use ammonia gas as the refrigerant gas. The ammonia gas was compressed into a liquid form 
and distributed via piping through the ice plant in a closed loop operation, which in turn froze the water 
as it circulated through the system (Ref. 5). Any release of ammonia gas would evaporate quickly and 
leave behind no residual traces. Ammonia does not last long in the environment because it is recycled 
naturally by plants and other organisms quickly {Ref. 19). 

The primary focus of this SRA is the pond behind the Former Richmond Ice Plant. Based on previous site 
visits and documentation the only chemical of concern was related to the oil (presumably used oil) 
found on the bank of the pond and as a sheen on the surface of the water. A slimy substance was noted 
in the original 1973 site visit report but no description or analysis of the material is available (Ref. 4). 
Primary constituents of concern in used oil include polycyclic aromatic hydrocarbons (PAHs) and lead 
(Ref. 20). 

4.0 Pathway Evaluation 

4.1 Groundwater Migration Pathway 
The site is underlain by Ordovician age limestones and shales of the Drakes Formation. Wells drilled in 
the valleys and along streams may yield 100 to 500 gallons of water per day. This water is usually hard 
and may contain salts or hydrogen sulfide limiting its potable use. The shales of this unit limit the 
transmissivity of the water to the lower limestone beds, which in turn limits the available solution 
enlarged openings in the limestone. The lack of enlarged fractures and pore spaces limits the amount of 
groundwater available in the thick limestone beds (Ref. 11). 

Drinking water is supplied by the Richmond Water Works whose source water is the Kentucky River. The 
surface water intake for the Richmond Water Works is located at Pool 11 approximately 11 miles east 
and upstream from the site (App. A, Fig. 6). This source is not impacted by the site. 

There are no domestic use wells within the four mile radius but there is one agricultural well. Two 
springs lie within the four mile radius; one in the 1-2 mile radius (inactive) and one in the 2-3 mile radius 
(agricultural) (App. A, Fig. 5). Well and Spring Inventories are listed in Tables 2 and 3 below: 

Table 2: 
Well Inventory 

Distance 
1 

Well# 
Estimated Population 

Served 
Type 

O-YA 0 0 N/A 
VA-YI 0 0 N/A 
/2-1 0 0 N/A 
1-2 0 0 N/A 

2-3 0 0 N/A 

3-4 1 0 Agricultural 
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Table 3; 
Spring Inventory 

DistancfS 
Estimated T'bpulation 

H Served 
Type 

0-% 0 0 N/A 
VA-YI 0 0 N/A 
Yi-l 0 0 N/A 
1-2 1 Inactive Inactive 
2-3 1 0 Agriculture 
3-4 0 0 N/A 

A release from this site has a very low potential to impact the groundwater at this site. KDEP does not 
consider the Groundwater Migration Pathway a concern due to the lack of groundwater users. 

4.2 Surface Water Migration Pathway 
The site is currently covered with a vegetative cap (Ref. 4). United States Geological Survey (USGS) maps 
show the original stream location and the pond located on the back half of the property. The unnamed 
stream fed the pond and exited the site through a manmade culvert under US Highway 25, also known 
as Big Hill Avenue (App. A, Fig. 1; Ref. 4). Before the pond was abandoned the owner re-routed the un­
named stream to flow along the southern boundary of the current site (Ref. 4). 

The site receives approximately 46 inches of precipitation annually with a monthly mean of 
approximately 3.9 inches (Ref. 7). The 2-year, 24 hour rainfall frequency for Madison County is 2.6 
inches (Ref. 16). The site does not lie within the 100 or 500 yearfloodplain (App. A, Fig. 3). 

4.2.1 Overland Flow Route 
The Overland Flow Route is the migration route that runoff would follow from a particular onsite source 
to a perennial surface water body (Refs. 1-3). Furthermore, any point at which site run-off enters a 
perennial surface water body is considered a Probable Point of Entry (PPE). 

As shown in the site photos (App. B) and the site map (App. A, Fig. 1} the run-off from the current site 
flows (direction to direction) via limited sheet flow across the site. The vegetative cover inhibits the 
sheet flow so little to no erosion occurs. The surface water run-off is directed to the unnamed stream to 
the south of the site. Due to overland sheet flow across the site, the entire southern boundary, 
approximately 450 feet, is considered the PPE. The unnamed stream then flows east through a covered 
culvert under Big Hill Avenue. The stream continues to flow through residential and light commercial 
areas until it joins Otter Creek approximately two miles from the site. Otter Creek then flows north-
northwest for approximately 12 miles where it joins the Kentucky River (App. A, Fig. 4). 

4.2.2 Target Distance Limit 
The Surface Water Target Limit (TDL) is the migration route that site generated run-off would follow 
from the point it enters a perennial surface water body (PPE) to a point 15 miles downstream of the PPE 
(Refs. 1, 2). As stated above the unnamed stream enters Otter Creek approximately two miles from the 
site. Otter Creek flows north north-west approximately 12 miles where it joins the Kentucky River. The 
15- mile TDL is completed in the Kentucky River (App. A, Fig. 4). 

4.2.3 Surface Water Targets 
There is one surface water intake within the 15-mile TDL. Winchester Municipal Utilities has a drinking 
water intake in the Kentucky River approximately 14.7 miles downstream from the site. This intake 
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supplies 74% of the source water for the City of Winchester and serves a population of 14,168 in Clark 
County {App. A, Fig. 6; Ref. 17). 

There are approximately 2.16 total miles of Palustrine (PF01A,h) wetlands, 5.3 miles of Riverine (RBRBFI) 
wetlands and 2.5 miles of Lacustrine (LlUBFIh) wetlands along the 15-mile TDL. The Palustrine wetlands 
are forested with broadleaf deciduous trees and temporarily flooded, emergent wetlands that are 
seasonally flooded, and scrub-shrub wetlands that are temporarily and seasonally flooded (App. A, Fig. 
4). The nearest Palustrine wetland is approximately four miles from the site along Otter Creek (App. A, 
Fig. 4). 

There are federally and state listed endangered or threatened species in Madison County. Table 3 lists 
these species and their status (Ref. 18): 

Table 4: 

Scientific Name Common Name Class US Status State Status 
Accipiter striatus Sharp-shinned Hawk Aves N S 
Actitis macularius Spotted Sandpiper Aves N E 

Ammodramus henslowii Henslow's Sparrow Aves N S 
Anas clypeata Northern Shoveler Aves N E 
Anas discors Blue-winged Teal Aves N T 

Asia flammeus Short-eared Owl Aves N E 
Asia Otus Long-eared Owl Aves N E 

Bubulcus ibis Cattle Egret Aves N S 
Certhia Americana Brown Creeper Aves N E 

Chondestes grammacus Lark Sparrow Aves N T 
Circus cyaneus Northern Harrier Aves N T 

Cistothorus platensis Sedge Wren Aves N 5 
Corynorhinus rafensquii Rafinesque's Big-eared 

Bat 
Mammalia N 5 

Cryp tobrabch us 
alleganiensis 
alieganiensis 

Eastern Hellbender Amphibia N E 

Eumeces anthracinus Coal Skink Reptilia N T 
Faico peregrinus Peregrine Falcon Aves N E 
Fulcia americana American Coot Aves N E 
Gallinula galeata Common Gallinule Aves N T 
Junco hyemalis Dark-eyed Junco Aves N 5 

Lophodytes cucullatus Hooded Merganser Aves N T 
Mustela nivalis Least Weasel Mammalia N S 

Myotis grisescens Gray Myotis Mammalia E T 
Myotis septentrionalis Northern Myotis Mammalia T E 
Nycticeius humeralis Evening Bat Mammalia N 5 

Pandon haliaetus Osprey Aves N 5 
Passercuius 

sandwichensis 
Savannah Sparrow Aves N S 

Peucaea aestivalis Bachman's Sparrow Aves N E 
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Phaloacrocorax auritus Double-crested 
Cormorant 

Aves N T 

Podilymbus podiceps Pie-billed Grebe Aves N E 
Pseudoanophthalmus Lesser Adam's Cave Insecta N E 

catoryctos Beetle 
Pseudoanophthalmus Greater Adam's Cave Insecta N E 

pholeter Beetle 
Rana pipiens Northern Leopard Frog Amphibia N S 

Sitta canadensis Red-breasted Nuthatch Aves N E 
Thryomanes bewickii Bewick's Wren Aves N S 

Tyto alba Barn Owl Aves N S 
Ursus Americana American Black Bear Mammalia N s 

Vermivora chrysoptera Golden-winged Warbler Aves N T 

Federal Status Definitions: E= Endangered, T= Threatened, N= No Federal Status 
State Status: E= Endangered, T= Threatened, S= Special Concern 

4.2.4 Surface Water Migration Pathway Conclusions 

There is one surface water intake located within the 15 mile TDL The intake serves as a drinking water 
source for the City of Winchester; however it is located approximately 14.7 miles from the site in the 
Kentucky River {App. A, Fig. 6} and as such is not likely to be affected by the site. The nearest wetland of 
concern is four miles downstream of the site (Refs. 1-3). 

KDEP does not consider the Surface Water Migration Pathway to be a concern. 

4.3 Air Migration Pathway 
The Air Migration Pathway was not evaluated due to the inactivity of the site. 

4.4 Soil Exposure Pathway 
The Richmond Ice Plant site consists of a vacant lot covered with a well-established vegetative cover 
limiting direct contact with any soils at the site {Ref. 4). The soils at the site, specifically the pond 
discussed in this report, are a mixture of various fill materials including concrete slabs and soils. There 
were reports of open dumping of household trash and debris in the 1970's. No industrial waste was 
reported at that time with the exception of the oil on the bank and the sheen on the water. A slimy 
substance was also reported but no information or analytical data relating to that substance is available 
(Ref. 4). 

Based on past interviews with the land owner by KDEP and Madison County Health Department 
personnel, only concrete debris and soils were used to fill in the pond (Ref. 4). Past 
inspectionsdocumented household trash being deposited at the site. Notices of Violation (NOVs) were 
issued but no record of compliance exists. Based on documentation from KDEP, the site was not 
required to have a solid waste permit if only concrete and soils were used to fill in the pond area. No 
documentation exists concerning the approval of any permit either by the Madison County Health 
Department or the KDEP Solid Waste program (Ref. 4). Subsequent inspections, the Preliminary 
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Assessment conducted in September, 1987, and the SRA site visit did not reveal any waste at the surface 
(Ref. 4, App. B). 

The facility has been inactive sine the 1980's and the exposure pathway has been eliminated by the 
installation of a vegetative cap. 

KDEP does not consider the Soil Exposure Pathway a concern. 

5.0 Summary and Conclusions 
The site was an ice plant which manufactured ice for residential and commercial use. The plant used 
liquid ammonia as its refrigerant in a closed loop system. The primary area of concern during the original 
PA was the pond located behind the old ice plant. The former pond was fed by an un-named stream 
which flowed along the rail bed on the west of the site from the south. The stream was redirected when 
the facility switched to a municipal water source and the owner decided to fill in the pond with concrete 
debris and soil {Ref. 4). Before the pond closure was completed open dumping of household trash and 
debris was reported. The KDEP Frankfort Regional Office investigated numerous reports of open 
dumping and on one occasion discovered a black oily substance on the bank and the water surface. A 
slimy substance was also found in the area but no further description of the substance was found in 
KDEP records (Ref. 4). 

There are no groundwater users within the four mile radius to consider the Groundwater Migration 
Pathway a concern. The residents of Richmond are supplied with drinking water from a surface water 
source that is upstream and not impacted by the site (App. A, Fig. 5; Ref. 15). 

The Soil Exposure Pathway was evaluated but determined to not be a concern at this time due to a well 
vegetated cap on the area where the pond was located. The vegetated cap limits exposure to any 
contaminated soil that may have existed on the pond banks (App. B). 

The Air Migration Pathway was not evaluated because there are no active emissions from the facility. 
The Richmond Ice Plant building was demolished sometime between 1997 and 2007 (Ref. 8). 

The Surface Water Migration Pathway was evaluated and determined not to be a concern due to the 
distances to environmentally sensitive features and lack of surface water targets. A total of 2.16 miles 
of Palustrine Wetlands (PF01A,h), exists in the 15-mile TDL The nearest wetland of concern is 
approximately four miles away from the site. One surface water intake exists in the 15-mile TDL; 
however, at 14.7 miles downstream it is not likely to be impacted by this site (App. A, Figs. 4 & 6). 

There are insufficient targets and pathways to warrant further action under CERCLA, therefore, KDEP 
does not recommend further action at this time. 
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Figure 2: Geologic Map 
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Figure 3: Floodplain N 
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Figure 4: 15 Mile Target Distance Limit 
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Figure 5: Four Mile Radius N 
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Figure 6: Water Intakes 
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Site Trip Report 



Richmond Ice Plant 
General site information 



Richmond Ice Plant 
Looking east down Heath Street toward Big Hill Avenue. Commercial 
structures are to the north (left of photo) and east (center of photo). No 
residential properties are within 200 feet of the facility boundaries. 
1 of 10 



Richmond Ice Plant 
Close up views of commercial structures across from entrance to 
Richmond Ice Plant looking north. 
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Richmond Ice Plant 
Entrance to former parking lot for the Richmond Ice Plant. 
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Richmond Ice Plant 
Looking west along Heath Street from front of the facility. Commercial 
structures occupy Heath Street across from the Ice Plant. At the end of Heath 
Street are railroad tracks and a inactive concrete facility. 
3 of 10 



Richmond Ice Plant 
Standing on Heath Street facing south looking across the vegetative cover and 
former parking area for the ice plant. The group of shrubs on the right side of 
the photo is an old loading ramp. 
5 of 10 



Richmond Ice Plant 
Household trash found on the site. It appeared to have been deposited 
there fairly recently. 

6 of 10 



Richmond Ice Plant 
Concrete debris scattered across the site. This is an algal mat that formed 
due to low permeability and standing water. 

7 of 10 
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Richmond Ice Plant 
Stream bordering southern edge of property. This stream receives run-off from 
multiple points and properties. Litter and trash could be seen in the stream. 
8 of 10 



^'chmond Ice 

ed ̂ P°rad/ca//y across 
ihe si site. 



Richmond Ice Plant 
Site vegetation looking south. The stream is located just past the telephone 
pole. The stream surface is approximately four to feet lower than the cap 
surface. The trees in the back is approximately 15 feet higher in elevation. 
10 of 10 



Energ\' and Em iromnental Protection Cabinet 
Department for Em iromnental Protection 

Dh ision of Waste Management 
Site Trip Report 

Site Pemiit ID: 51865 Regional OtTiee: Frankfort 
Site Niime: Richmond Ice Plant Program: Superfund 
Site Address: 816 Heath Street 
Citv: Richmond State: Kentucky Zip: 40475 County: Madison 
Site Contact: Title Phone 
Inspection Type: Comprehensive Puipose: site recon for PASI Not Com 
Inspection Dates: 5 3 2016 Time: 1030 hours 
Latitude: 37.740941 Longitude: -84.287132 
Coordinate Collection Method: Digital Oilho Image Verified 
T\pe ot Site: fonner ice manufacturmg plant and associated pond (buildmg and pond are gone) 

I. Iii\ estigation Results 
Fuiduigs/V'iolations/Reconiniendations: Arri\ ed on site at approxunately 1030 hours after x isiting the 
P\'A and county clerk's office to research the deeds and ownersliip of the property. The origuial naine 
for the site was the Richinond Cold Storage and Ice Conipany which went bankrupt about 1905. The 
facility and property was sold at auction hi 1905 to the Richinond Ice Conipany. Richinond Ice Conipany 
transferred the property to a prix ate party in 1970. That indix idual is the still the current ow ner of the 
property. 

Site access is from Heath Street w liich runs parallel to the site and is accessed from Big Hill Ax enue 
(Busmess l^S 25). The site is a x acant lot w ith a w ell-dex eloped x egetatix e cap. The cap consists of grasses, 
assorted natix e and non- natix e species of plants. Based on prex ious aerial photos the site is mow n 
regularly and w ell mamtamed. There w ere no \ isible signs of stressed x egetation at the site. Concrete 
slabs from the old parkuig and loadmg areas w ere still x isible. Pieces of concrete slab w ere scattered 
sparsely across the site. 

The site is bounded to the north by Heath Street. Across Heath Street are a number of commercial 
buildings. On the eastern side are a church and another conunercial building. Inunediately to the south is 
a small stream w liich runs along the southern border of the site. This is likely the stream that fed the 
pond the Ice Conipany used as a water source for its ice manufacturmg. It is beliexed the stream was re­
routed when the pond w as filled ui the 1970s. There is a change in elex ation on this side of the site of 
about 15 feet (rise). 

To the w est is a concrete plant w hich appears to be out of busmess, no actix ity w as obsei*\ ed at the site 
and the buildmgs were boanled up. 

The stream on the southern border flow s to the northeast off site under Big Hill A\ enue and contmues 
through Richmond to the east toward Lake Reba. The stream does not enter Lake Reba but flow s at the 
base of the dam and contmues to flow tow ard the area know n as Green Crossing in Madison County. 



0\ eiiand flon is to the southeast across the cap and empties mto the stream. The closest residence is 
approxmiately 300 feet from the southeast comer of the facility. 

Map of site attached and photos attached 

Compliance Status - Not Applicable 
II. Comments Includmg Remedial Measures and Expected Correction Dates 
Conunents: 

III. Enx iromnental/Hunian Health Impact 
FmdiiigsA'ioIatioiis/Recommendations: 
Compliance Status - Not Applicable 

I\'. Documentation 
^ Photos tiiken by Wesley Turner 

Record of visual detemiination of opacity 
Documents Obtained From Facility 
Siimples tiiken by DEP 
Siimples tiiken by outside source 
Regional OtTice instrument readings taken 
Other documentation 

^ Site Hazard Assessment Completed 
Coinments: 

Inspector: Wesley turner Title: Geologist III Date: 3 May 2016 

Overall Compliiince Status 
X No x iolations obsen ed 

No xiolations obsened but impendmg xlolation trends obsei*xed - Ad\ ison Action Taken 

of 
Out of C.'ompliance. Non-recurrent deficiency noted — X'erbal notice gi\ en or \ ioliition coirected at time 

inspection. 
Out of Compliance. Non-recurrent admmistratix e or O & M deficiency noted — Warning Notice issued 
Out of Compliance - NOV issued 

Received By: Title: Date: 

Deliverv Method: 
RE\'. 10-22-01 
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Environmental Protection Agertcy Ft. 300. App. A 

or loan gueu'antee or loan insurance 
program; and 

(4) Acquisitions by or transfers to a. 
government entity pursuant to seizure 
or forfeiture authority. 

(b) Nothing in this section or in 
CERCLA section 101(20)(D) or section 
101 (35) (A) (ii) affects the applicability of 
40 CFR 300.1100 to any security inter­
est, proper^, or asset acquired pursu­
ant to an involuntary acquisition or 
transfer, as described in this section. 

NOTE TO PARAGRAPHS (A)(3) AND (B) OF THIS 
SECTION: Reference to 40 CFR 300.1100 is a ref­
erence to the provisions regarding secured 
creditors in CERCLA sections 101(20)(E)-(G), 
42 U.S.C. 9601(20)(E)-(G). See Section 2504(a) 
of the Asset Conservation. Lender Liability, 
and Deposit Insurance Protection Act, Pub­
lic Law. 104-208, 110 Stat. 3000-462 . 3009-468 
(1996). 

APPENDIX A TO PART 300—THE HAZARD 
RANKING SYSTEM 

Table of Contents 
List of Figures 
List of Tables 
1.0. Introduction. 
1.1 Definitions. 
2.0 Evaluations Common to Multiple Path­

ways. 
2.1 Overview. 
2.1.1 Calculation of HRS site score. 
2.1.2 Calculation of pathway score. 
2.1.3 Common evaluations. 
2.2 Characterize sources. -
2.2J Identify sources. 
2.2.2 Identify hazardoiis substances associ­

ated with a source. 
2.2.3 Identify hazardous substances avail­

able to a pathway. 
.2.3 Likeliho^ of release. 
2.4 Waste characteristics. 
2.4.1 Selection of substance potentially pos­

ing greatest hazard. 
2.4.1.1 Toxicity factor. 
2.4.1.2 Hazardous substance selection. 

2.4.2 Hazardous waste quantity. 
2.4.2.1 Source hazardous waste quantity. 
2.4.2.1.1 Hazardous constituent quantify. 

Hazardous wastestream quantity. 
Volume. 
Area. 
Calculation of source hazardous 

waste quantity value. 
2.4.2.2 Calculation of 

quwtity factor value. 
2.4.3 Waste characteristics factor category 

value. 
' 2.4.3.1 Factor category value. 

2.4.3.2 Factor category value, considering 
bioaccumulation potential. 

2.5 Targets. 

2.4.2.1.2 
2.4.2.1.3 
2.4.2.1.4 
2.4.2.1.5 

hazardous waste 

3.1.2.2 
3.1.2.3 
3.1.2.4 
3.1.2.5 

toxicify/mobillty 

2.5.1 Determination of level of actual con-' 
tamlnation at a sampling locatioxi. 

2.5.2 Comparisori to benchmarks. 
3.0 Ground Water Migration Pathway. 
3.0.1 General considerations. 
. 3.0.1.1 Ground water target distance limit..' 

3.0.1.2 Aquifer boundaries. 
3.0.1.2.1 Aquifer intercormectlons. 
3.0.1.2.2 Aquifer discontinuities. 
3.0.1.3 Karst aquifer. 

3.1 Likelihood of release. 
3.1.1 Observed release. 
3.1.2 Potential to release. 

3.1.2.1 Containment. 
Net precipitation. 
Depth to aquifer. 
Travel time. 
Calculation of potential to release 

factor value. 
3.1.3 Calculation of likelihood of release 

factor category value. 
3.2 Waste characteristics. 
3.2.1 Toxicity/mobilify. 

3.2.1.1 Toxicity. 
3.2.1.2 Mobility. 
3.2.1.3 Calculation of 

factor value. 
3.2.2 Hazardous waste quantify. 
3.2.3 Calculation of waste characteristics 

factor category value. 
3.3 Targets. 
3.3.1 Nearest well. 
3.3.2 Population.-

3.3.2.1 Level of contamination. 
Level I concentrations. 
Level II concentrations. 
Potential contanUnation. 
Calculation of population factor 

value. 
3.3.3 Resources. 
3.3.4 Wellhead Protection Area. 
3.3.5 Calculation of targets factor category 

value. 
Ground water migration score for an aq­

uifer. 
Calculation of ground water migration 

pathway score. 
4.0 Surface Water Migration Pathway. 
4.0.1 Migration components. 
4.0.2 Surface water categories. 
4.1 Overland/flood migration component. 
4.1.1 General considerations. 

4.1.1.1 Dermition of hazardous substance 
migration path for overland/flood migra­
tion component. 

4.1.1.2 Target distance limit. 
4.1.1.3 Evaluation .of overland/flood migra­

tion component. 
4.1.2 Drinking water threat. 

4.1.2.1 Drinking water threat-likelihood of 
release. 

4.1.2.1.1 Observed release. 
Potential to release. 

Potential to release by overland 

3.3.2.2 
3.3.2.3 
3.3.2.4 
3.3.2.5 

3.4 

3.5 

4.1.2.1.2 
4.1.2.1.2.1 

flow. 
4.1.2.1.2.1.1 
4.1.2.1.2.1.2 

Containment. 
Runoff. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
I \ REGION 4 
i VWV I ATLANTA FEDERAL CENTER 
\ ̂11''^ / 61 FORSYTH STREET 

PRo-t^^'' ATLANTA, GEORGIA 30303-8960 

J£C.2 21DI5 
Mr. Daniel Phelps 
Kentucky Department Environmental Protection 

Division of Waste Management 
200 Fair Oaks 
Frankfort, Kentucky 40601 DEC 3015 AHiO;22 

RE: Freedom of Information Act Request No. EPA-R4-2016-001912 
SUPERFUND BRANCH 

Dear Mr. Phelps: 

This letter is in response to your Freedom of Information Act (FOIA) request dated December 9,2015, 
regarding Richmond Ice House, also known as, Richmond Ice Plant and Richmond Ice Company 
in Richmond, Kentucky. Specifically, you requested all records, for the timeframe of January 1, 1990 
through December 4,2015. 

Enclosed are documents maintained by the United States Environmental Protection Agency (EPA), 
Region 4. The cost of providing this information is $20.45, which you authorized for payment on 
December 9, 2015. An itemized invoice covering the charges for processing your request is enclosed. 
The Fee Schedule and Payment Procedures attached to the invoice explain the interest and handling 
charges that will be incurred if payment is not received within 30 days. Payments are accepted through 
debit, credit card, check or money order. If you choose to make payment by debit or credit card, please 
do so by registering with vmw.nav.eov and selecting the EPA Miscellaneous Payment Form (SFO 1.1). 
If you prefer to pay by check or money order, please make it payable to the U. S. Environmental 
Protection Agency, within 30 days of the date of this response to the following address: 

U. S. Environmental Protection Agency 
FOIA and Miscellaneous Payments 
Cincinnati Finance Center 
P. O. Box 979078 
St. Louis, Missouri 63197-9000 
RE: EPA-R4-2016-001912 

To ensure proper credit for your payment, your check or money order should refer to the FOI number 
above and should be accompanied by a copy of the enclosed Bill for Collection. Your prompt 
remittance of the amount indicated will be appreciated. 

You may appeal response to the National Freedom of Information Officer, U. S. EPA, FOIA and 
Privacy Branch, 1200 Pennsylvania Avenue, N.W. (2822T), Washington, D.C. 20460, Email: 
hq.foia@epa.gov. Only items mailed through the United States Postal Service may be delivered to 
1200 Pennsylvania Avenue, N.W. If you are submitting your appeal via hand delivery, courier service 

Internet Address (URL) • http://www.epa.gov 
Recycled/Recyclable • Printed with Vegetable Oil Based Inks on Recycled Paper (Minimum 30% Postconsumer) 

mailto:hq.foia@epa.gov


or overnight delivery, you must address your correspondence to 1301 Constitution Avenue, N.W., 
Room 6416J, Washington, D.C. 20004. The appeal must be made in writing, and it must be submitted 
no later than 30 calendar days from the date of this letter. The Agency will not consider appeals 
received after the 30 calendar day limit. The appeal letter should include the FOI number listed 
above. For quickest possible handling, the appeal letter and its envelope should be marked 
"Freedom of Information Act Appeal." 

Should you have questions regarding this response, please contact Jennifer Pearce, FOIA Specialist, at 
(404) 562-8600. 

Sincerely, 

r Kenneth R. Lapierre 
Assistant Regional Administrator 

Enclosures 
1. Index of released documents 
2. Bill for Collection 
3. Fee Schedule and Payment Procedures 
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INDEX OF RELEASED DOCUMENTS 
EPA-R4-2016-001912 

09/1987 Preliminary Assessment Report 
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FOIA Invoice 
U.S Environmental Protection Agency 

1200 Pennsylvania Ave, NW 
Washington, DC 20460 

Mail Payment to 
USEPA, FOIA and Miscellaneous Payments, Cincinnati Finance 
Center 
P.O. BOX 979078 
St. Louis, MO 63197-9000 

FOIA Tracking Number 
EPA-R4-2016-001912 
Invoice Date 
12/09/2015 

Requester Contact Information 
Daniel Phelps 
KDEP Division of Waste Management 
200 Fair Oaks 
Frankfort, KY 40601 
daniei.phelps@ky.gov 
502-564-6716 

Description of Records Requested 
KDEP needs copies of records (start dated 
1/1/1990 to the present 12/4/2015) for the following 
site: Richmond ce House Richmond, KY 
KYD042943217 The EPA staff contact for this work 
is Donna Beadier, Superfund Site Evaluation 
Section. 

Request Received Date 
12/08/2015 

By 
Region 4 

Request Fulfilled by Agency Date 
12/09/2015 

By 
Jennifer Pearce 

Comments/Instructions 

Request Fee Category 

Commercial 
Description of Costs 

Search 
Review 
Copy 

Costs Sub-total 

Quantity 

0.25 hours 
0.25 hours 

43 pages 

Amount (USD) 

$7.00 
$7.00 
$6.45 

$20.45 



AMOUNT DUE $20.45 



U.S. ENVIRONMENTAL PROTECTION AGENCY 
FREEDOM OF INFORMA TION 

FEE SCHEDULE AND PA YMENT PROCEDURES 
EFFECTIVE JANUARY 1, 2008 

NOTICE TO THE REOUESTER 

Payment should be made in the form of a check or money order, payable to the United States Environmental Protection 
Agency. To ensure proper credit of your payment, please write the Freedom of Information Act Request Identification 
Number (FOIA #) on your check or money order and return with the top portion of the Bill for Collection. Mail payment 
to: 

US. Environmental Protection Agency 
FOIA and Miscellaneous Payments 

Cincinnati Finance Center 
P.O. Box 979078 

St. Louis, Missouri 63197-9000 

In accordance with U.S. Treasury (I EFM 6-8000) and the Debt Collection Act of 1982, payment is due within 30 calendar 
days of the bill date. If not received within 30 days, interest at the rate of 3% which begins to accrue from the date of the 
bill through the date of payment, will be assessed. A late payment handling charge of $15.00 will be imposed after 30 days 
with an additional charge of $15.00 for each subsequent 30-day period. A 3% per annum penalty will be applied on any 
principal amount not paid within 90 days of the due date. 

In accordance with the Freedom of Information Reform Act of 1986, you request has been categorized as: 

COMMERCIAL USE REQUEST: requester charged for search, review, and duplication cost. u 
D 
• 

ALL OTHER REQUEST: requester charged for search and duplication time excluding the first two (2) hours of 
search time and the first 100 pages of duplication. 

EDUCATIONAL & NON-COMMERCIAL SCIENTIFIC INSTITUTIONS: requester charged for duplication cost 
excluding first 100 pages. 

REPRESENTATIVE OF THE NEWS MEDIA: requester charged for duplication cost excluding the first 100 pages. 

A TTACH TO BILL FOR COLLECTION OF PA YMENT 

FOR RESPONSES TO FOIA REQUESTS 

REQUESTOR Mr. Daniel Phelps 
EPA-R4-2016-001912 





PRELIMINARY ASSESSMENT REPORT 

RICHMOND ICE COMPANY 
RICHMOND, MADISON COUNTY, KENTUCKY 

BY 
30N MAYBRIAR 

UNCONTROLLED SITE SECTION 
DIVISION OF WASTE MANAGEMENT 

SEPTEMBER, 1987 
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HISTORY OF SHE 

The Richmond Ice Company is located at 816 Heath Street In Richmond, 
Kentucky (Appendix C). The plant commercially manufactures Ice for Richmond 
and surrounding areas. The operation began In 1959 and Is currently owned by 
Marsh Orwtenburger and Marylln Williams. Prior to 1973, the Ice company utilized 
a lake on their property as a water source for making Ice, but In May 1973 switched 
to a municipal water supply for their Ice production. The lake was to be filled In 
with dirt only and required no solid waste permit. On April 13, 1973, a site 
investigation by KDWM personnel found a small oil slick on the lake, a slimy 
substance on the bank, and some municipal garbage around the lake (Appendix D). 
By May 1978, the lake had been filled and graded. On the August 2f, 1987, 
Preliminary Assessment (PA) site visit, no municipal garbage or Industrial waste 
was observed. The site appeared to be completely reclaimed with adequate cover 
and vegetation over the site (Appendix E). If industrial waste was taken to this 
site, toluene would be a typical contaminant and resulted In It being chosen for 
ranidng purposes. 

ROUTE OF CONTAMINATION 

The site is located on the border of the Inner Bluegrass and the eastern Knobs 
Region and Is approximately three (3) acres In size and relatively level. Soils at 
the site are the Caleast Series and are the deep well-drained soils that form In 
residuum from limestone. Due to high fertility and permeability, soils around the 
site have a high crop production rate. 

Rocks In the area are In the Upper Ordlvlclan System and bedrock can be 
found eight (8) to ten (10) feet beneath the surface In the Ashlock Formation. This 
formation consist of alternate layers of dolomite, shale, and limestone (USGS-
1966). 

The aquifer of concern can be found 125 feet beneath the site In the 
MaysvUle Group. Wells In this group yield 100 to 500 gallons per day (gpd) In broad 
valley bottoms and along streams but almost no water to wells on hillsides or ridges 
(USGS-1960). 

POSSIBLE AFFECTED POPULATION AND RESOURCES 

Population within a one (1) mile radius of the site Is estimated to be 21,907 
people. There are an estimated 30,03^ residents living within a three (3) mile 
radius and 30, 746 people residing within a four (4) mile radius of the site (Appendix 
F). 

Drinking water for Richmond Is supplied by Richmond Water, Gas and Sewage 
Works. Their water intake Is upgradlent on the Kentucky River. There are no 
surface water Intakes fifteen (15) mile downgradlent of the site. An estimated 217 
residents utilize groundwater within a three (3) mile radius of the site (Appendix 
G). 
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RREUMSIARV ASSESSMENT 
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01 O U OONTNMNATKMOFFOOOCHAM 
0« MFMTWE OCaCIWIION 
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01 a M. UNSTAOl£OOMrAM4ENT OF WASTES 
OS KPULATIQN FOTBdWaY AFFECTCD:. 

02aOS8ERVEO(OATE 
0« NAHMTIWE OESCflPnON 

.) aPOTBOML OAUBKO 

01 O N. DAMAGE TO OFFSITEPnOPEHTV 
04 MHOWTNE OEaCfWIBN 
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OSOOOSaWEDIDATE:. .) DFoneniM. aAusoeo 

01 •O.OONTAAONATIONOFSEWBB.STCMMOIUUNS.WWTFI OSO 
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(DATE. .1 OKTBUM. 
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11-25-86 

CMTICM HRS FNCTOR DOCWEWTATION POBH CATCj 

:TC NAMEi ^'cA/-»7«^cj Tc^e 

r\ ID it /sy*o s.-fe- REVIEVCR: J»/-. Y^^tjLrC^ 

J Is an observed release documented (background and site sanples are available 
and the site is shown to be the source of the contanination) or is one likely? 

GHOUNDWMER: Yes No ^ Likely SURFACE VATER: Yes No ^ Likely 
Groundwater Info source: f^-U^ 
Surface water info source: 

3) What is the depth at the site to the shallowest aquifer used locally toe 
drinking water? 

Depth: ?o Kno%vn Estimate _/ Unknown _ 
Source: US^S «*• 

3) 14hat is the distance to surface water from the hazardous waste? 

Distance: ^S'o^* Known ^ Estimated Unknown 
Source: USQ-^^ Sanjj 

4) What are the most toxic/persistent chemicals at the site: Unknown 

a) ToL b) c)_ 
Source: tCVDui^ CTI^LJ 

5) What is the hazardous waste quantity? 

(kiantity: i Known Estimated Urdrnown 
Source: 

6) f^at is the distance to the nearest public water supply well using the 
aquifer of concern and what is the population served 

Distance: Known Estimated Unknom 
Population: Known Estimated Unknown 
Source: 

7) What is the distance to the nearest private water supply well using the 
aquifer of concern and what is the population served within 3 miles? 

Distance: /. / Known Estimated Unknown 
Population; Known Estimated _/ Unknown 
Source; 7.5" 

)) What is the distance to the nearest downstream surface water intake and 
the population served? 

Distance: ^/S~ Known Estimated Unknown 
Population: Known Estimated Unknown 
Source: 



Kt;r.iCT>i ]v KCI-VNI'I- [•X)K iru'i'iAr, r;(:ui:!;r!rw3 • 
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.'liLo iJ.'fiin -Let-

Ciliy r,!..!i;o Ay 

Facility I.l). Numixjr >cAo S. -k. 

Typo of Facility: Oinerator TVannjxirtci: ISO 

I. KCIIA APPLICADILIlTi: 
yc3 no 

Docs tlic facility liavc RCRA interijn status? ^ 

DOGS the facility have a final or post-closuro 
permit? If so, date issued 

Is the facility a ncn-notifier tliat fias been 
identified by states or EPA? • 

Is the facility a known or possible protective filer? 

Have RCRA wastes been stored onsite for longer tlian • / 
90 days since November 19, 1980? 

Have RCRA wastes been disposed onsite since No'/ember 
19, 1980? 

STOP HEPE IF ALL ANSINTSRS TO QUESTIWS IN SECTION I ARE MO 

I II. FINANCIAL Sl-ATUS yes no 

I 
Is tlvi facility ovSied by an entity that has filed 
for bankruptcy under federal laws (Chapter 7 or 11) 
or State laws? 

If yes, viiat lias it filed utvJer? 

Oiapter 7 auapter 11 Other 



TTi. lannnawi-rr 

l-^.i'A rit.iLnr. 

IH". l.lv; IVKriliLy lost .lui.lori' 
I/ii:;, 3n()'j(t;) i>.Minjt clciiiil, 300;()0 
3005(<1) i>2nniv. mvocal.ionV 

r>-> 

; 'VJ.i 

l.'jnn; ;i?.Lion, 

111:; til'.' j.tjo:; iuL'jrim nt.-iUir; 1- :i i.eiMiiu' V. J vio 
onotlior mDclwninn (i.e. i>Viiini.3tt;-':'.iv? lieLTiina":c!i)? 

r/. CKRCfA .STATtJS 

VJhat CERCLA financed rcn-edial or r'.-r;>Dv;il oetiviuios Jvivo ba-en initiated 
at tlie nito? (RI/FS, RD/RA, O&M, foi.v.ird plcr.nin^, and renaval; dojs not 
include cnforccnont or PA/SI activitior;). 

V. mforca<>cnt Status yes 

In general, vould you characterize the facility as 
denonstratiirj an unwillingness to unc.ir.take ccrraictivc 
action based on prior State, CERCLA or RCRA actions? 

If yes, please doscrilx: and cite tlie ai;t<»D::itiiS exercised. 

no 

yes 

Is tlic OMKjr/opcrator a party to any cnforcctnc:;!: action 
at tlxj site? 

no 

If not, wliy not? 

Ap; any pUPs (includiiyj ovner/ojyjirators) ui>vl<:rtaUinj i:..-.r>3ial stu<lics or 
action in resjionse to CEIOA enforcancnt outl»oriti«:.'r.? '.dunt is the extent/ 
typ; of work tlvil; lins Ixxin o.uiiplotod (RT/l-li, »:tc.) 1 (generators, 
'>vi.»r/<)i>jiMU)r, nto.) jr. o)n<liK:i:ing tho v;)i:k? 

i 
1. 



Pfi4-f'T 
SITE SCREENING SiHVMt 11-2S<-8C 

5it« Wawti -Xc*. 

EPA ID i; A/g-^o S,'/g. 

tovlMtr Name: J>^ — Oaf t o P-^A g? 

I. INITIAL REVIEWt (Check where appropriate) 

WL RCRA F«S. Pac. -Low Priority" Landfill 

NFA reaeont 

II. LEADi Puid Enforcement Uiiknown 

III. RElOVALt Needed reason: 

Con«>leted (score using preremcval conditions) 

IV. HRS SOQBEt \7.,sr rxi<^oConfidencet high mediua low 

V. LOCAnONi Latitude: 37'W ZdV-Z. Longitude: Q J.V 

V. mPOWWnCN NEEDED: (check Infomwtion needed to detomlne diepoeitlon) 

A. Preliminary Assesawent (Notes/sources for figure reference) 

1. RCRA Sf tus Informaticn 
'2. Observed Release oc/ s/uk ftwk, rmr «i.c. Ap^il A/vyj 
3. Target Informaticn ' 
4. Distance to Surface Hater 4sbt>' •/•b 

y 5. Depth to aquifer of concern jo' iT' 
y 6. Waste identity Q, j 
/ 7. Hazardous waste quantity 
8. Others (list) 

B. Site Investigation 

1. Haste identity 
2. Distance to surface water 

• 3. Slope/intervening terrain o-Z X 
4. Containment 
5. Observed release (surface) 
6. Observed release (ground) 
7. Hazardous waste quantity 
8. Others (list) 



SITE DISCOVERY FORM 

Part ti Information nacasaary to add a «ita to CERCLIS 

ACTION! A 

tPA lOi 

tITC NAKi - SOURCE! _ (R-EPA, T-STATE) 

•TRECTi CONG DIST! (optional) 

^1^1 Richmond ZIP! _ 

CNTV NAME! CNTY CODE! (optional) 

LATlTUDEl .«3T^ Jl'/ 2^1. LONGITUDE! 84* /J^/ (optional) 

INVCNTOAY INDt Y REMEDIAL INDi V REMOVAL IND! N FED FAG IND! N 
a 

EPM NAMEi RPM PHONE! - - (EPA Projact Officer 

tlTC DESCRIPTION! (optional) 

off Big Hill Avenue behind Richmond Ice Plant 

Part El Othar oita information 

DATE tlTC FIRST 
AEPORTED! REPORTED BYl. 

SEASON FOR LISTING! 
Questionable fill for small* lake-Inspector observed oil slick and oil on banks-

other slimy substances dumped in lake. 
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HRS SPORE SHEET DMCt 

SITE NAME! _ ^iOQf 
EPf^ ID I: Nifi^ S.-k- RBVIEI(«Ri 3>n J>^. 

Has FACTOR SCORES Scora 
1) Toxlclty/persistenoe (TP) 
2) Waste quantity (VO) 
3) Containraent (Groun<Vrater) (C^) ' _ 
4) Depth to aquifer of concern TD^) 7 
5) Distance to nearest %iell/pO|xilation (OPn) Z 
6) Containment (Surface water) (C^) J 
7) Distance to surface water (D^i ;? 
8) Distance to surface intake/population (DPg) 

Default Known Estimate 

none 

1 
none 

S GRQUNDWATCR BOtnE SCORING; 

a) If observed release: Sgw « (TP 4 wp) (pp^ » 9) /^i^) (. n yy 
12.74 i?ni 

) If no observed release: Sg^ • (D;^^ • 7) (ip » y) (n>g • 9)(Cy) -

SURFACE VMER ROUTE SCORING si^'i 
If observed release: Sg,, - (TP • WD) (DP, • f) - C.7^ 

1473 w.i 

If no observed release: Sgw • (D^w * S) gP* (CP- • 9)(C«^1 » J-3 ̂  

•' ITIMEDIA HRS SCORING 

D not score the air route unless an observed release is known to have occurred. 

Sjn • / ̂ 9* * ^svK • 7>7 r^'^Oe 
oloicr^fii n=i' oc 

7S> scoring in above steps is based on the following default scores: 

I: the stn of the scores for net precipitation, permeability, and physical 
state is 7 , 

2/ the groundwater use is for drinking and the score used is 9 • 
3* the son of the scores for slope/terrain, rainfall and p^sical state is 

—5—' 
4' the son of the scores for surface water use and distance to sensitive 

environments is 9 . 

If these assunptions are known to be substantially incorrect, ocnplete an 
ll?S scoring sheet. 



TaetUty RAM: 

LOCACIM: 

OA teglM: 

K-.0^~>..try ,n A4.M S^. 

s; 
fc?s9o(«) *c 0*«igv 9t '%htt raclllty: 

IUM of loTlowort J. /7n<y^V.'«^ 

GOMMI Oooerlptlon of tbo r«eillty: 

Btto: 0 f 7 

(Tor oxasplo: loadflXl, oorfaeo lapouodaonc, pllo, cootalaor; 
typoo of hosardooo oubfCoaeoo; locotioo of tho facilitys 
coetaalaatloo-routa of sajor cooeans t7P** Infonatloo 
aaodod for rating S «tn«7 action, otc«) 

4iUc.X Mi £^;AA S^VtnMt 'Y^ y 

u»<g.5 an ^ ^ gi /4h/s/A/yy-^ 

—-Z^ L^7f >A<! 

CMS/C^J i^AU a..7. 

Scotao: S}f • 

Syg • 

«DC' 

<V -f:?r»w - |if*. • ̂  7.-77 ._ J-. 7 7 ^'r» 

/JeTT 5c4i'Eg> 

^\t(o~J obs*f>/c.i, rel-t»i«-

Vlgum 1 

COVn SHEET 



Ofoufld Water Route Wocti Sheet 

Rating Factor Aaalgned Value 
(Circle One! 

Multl-
pHer 

Q Obaerved Releaae 

N obeerved raleeae la given a acora ol 4S. proceed to line Q-
if obaerved releeae la given a acora of 0, proceed to line m 

Score 

m Route Charactertattoe 
Oapth to Aquifer of 
Conoam 

Nat Precipitation 
fa II 111, » •bitttfc I -e aSb^ I PlllWPIIfiy 9f V1V 
Unaaturated Zona 

Phyaicto State 

0 1 3> S 
0 1 
0 1 

0 t'a^f) 

a z 

Total Route Clwractertatica Score 

(D Containment 0 1 2® 

Q Waata CtMuactartatlce 
Toxidty/Paralalanoa 
Hazardoua Waato 
Quantity 

LL 

0 3 6 (Jl t2 IS IB 1 
0^ 2 3 4 8 • 7 • I 

Total Waata Characterlatlea Soora 

(3 Targata 
Ground Water Uae 
Olatanca to Naaraat 
Waii/Popuiatien 
Senrad 

M2 16 IS 
I 24 30 32 

20 
36 40 

Max. 
Score 

3 
3 

18 

11 
a 

Rat. 
(Section) 

3.1 

3.2 

3.1 

3.4 

3.8 

Total Targata Score \Z 1- 43 

IS N line Q] la 48. multiply Q] x Q x [|| 
If Una Q] la 0. multiply g) x g|.x Q x g) 

rV"9 
87.130 

IS N line Q] la 48. multiply Q] x Q x [|| 
If Una Q] la 0. multiply g) x g|.x Q x g) 'S%:> 87.130 

3 Divide Una Q] by 87,330 and ntuHiply by lOQ. 
Obac'./ac 

Sg«-

^'-h3S' 
wiC'-l 

/z. 

I.V^ 

V»->t 

2/ I 
^ Ho JrjnO 

/c> / Hf/-. 

FIGURE 1 
7" H* 

GROUND WATER ROUTE WORK SHEET 

10 



DRAFT 

Surf«c« W«t«r Rovit« Work Shoot 

Rating Factor AssignoO Valuo 
tClrcIo Ono) 

Multi-
plior 

ED Obaorvod RaioaM 45 

Scoro 

H obaorvod roloaM la givon a valuo of 45. procooo to lino Q. 
H obsorvoO roloaao ia givon a valuo of 0, procooO to lino H). 

ED Reuto Charactoriatiea « 
Facility Slopo and Intarvoning 0 3 3 
Terrain 

1-yr. 24^>r. Rainfall 0 1 J) 3 
Olataneo to Noareat Surface 0 12^ 
Water 

Phy^l Suto 0 1 2 ($ 

1 _L 
J. 
1B. 
3 

Total Route Cftaractoriatica Scoro 

Q] Contaiftmont 0 1 
a. 

Q waate Charactoriatiea 
Toxicity fPoralatenco 
Hazardoua Waato 
Quantity 

0 3 e(S^2 IS 18 1 
0 S> 2 3 4 5 6 7 8 1 

Toul Waato Charactoriatiea Scoro 

ED Targota 
Suriaco Water Uao 
DIaUnco to a Sonaltivo 
Environment 

Population Sorvod/OlaUnco 
to Water Intako 
Oownatroam 

0 1 
CD ' 

1 4 1^' as 
(3> 

2 
ie> 

10 6 8 
18 20 
32 35 40 

Total Targota Scoro 

(3 If lino Q] la 4S, mulliply Q] x Q x Q 
Hiino Q] la 0, multiply [2} x [3] x Q x (S 

i 

Max. 
Scoro 

45 

Rof. 
(Section) 

15 

J. 18 
I 8 

2. 40 

2121 

55 

84.350 

4.1 

4.2 

4.3 

4.4 

4.5 

EZl Divldo lino B) by 84,350 and multiply by 100 

FIGURE 7 
SURFACE WATER ROUTE WORK SHEET 

Ohsers/*.d 

Tc o Ho Observed 

<3 7„ 

Z.7S " 
^ 5^3 ' -fe 

sA 

2/l 



DRAFT 

Air Rout* Work SAMI 

Rating Factor Aaalgr>«d Vaiti* 
iCIreio Ono) 

MuW-
piiar 

m ObMfvod Raloaaa 

Seora 

Oat* and Location: 

Sampilng Protocol: 

H lino (T) la Q, tha S, > 0. Entar en Una {f). 
HIina Q] ia 4S. than procaad to Una [j]. 

m Wasia Charactaristica 
Raactivity and 
IncompaUbiilty 

Toxicity 
Hazardoua Waata 
Quantity 

0 1 2 (D 
0 1 

2 a 4 s • 7 g 
3 
1 

Totai Waata Cttaractarlatie* Scor* /P 

Scor* 

4S 

20 

Q1 Tatgata 
Population WItttIn 
a^iia Radhia 

Olatanea to Sanaltiv* 
Envlronmani 

Land Usa 

10 0 12 tS II 
f $>24 27 30 
^ 1 2 a 

0 1C2' a 

1 _2L 

2 

1 Z 

Total Targata Seoro 

MuNlply Q) a [S > O 

•23 

HI Olvida Una Q by 35.100 and multiply by 100 
to 

30 

0 

3 

Raf. 
(Saction) 

as. 100 

FIGURE • 
AIR ROUTE WORK SHEET 

5.1 

5.2 "Aa/ut^c. 

5.3 



CtouBdvattr lottC* Scor* (Sg^) 
(i.ll f'iyi V7.7S-

Surface Vactr Iputa Scera <S«v) 
^.Zo 3.3 fa /7c.y //. 2^ 

Air louta Seera (S4) 
21 0,0 

4r •»» WM 11 5'1.O3 

^31,zi 7. 

'^4- •*" Z^-" IJ V /f.DS' 
11 V V'VI-

h,3i 

h-

VOnCSBZZT FOft COHPUnBC 



Crttictf HaMat 

Total Targela Soora 

CD H lino Q 
Hllno Q 

la 45. multiply 
la 0. multiply 

G] « 0 _ 
0 10X0X0 

0 
2Ji£ 
<^003 

"•i 

Rating Factor 1 Aaalgnod Valuo 
1 tClreloOno) 

MuW-
plior Scoro Max. 

Scoro 
Rot. 

(Saetioni 

0 Obaofvod Incldont 0 40 1 1 48 S.1 

If lino 0 la 40. precaod to Hno 0 
M lino 0 la 0, pncood to Hno 0 

0 AaeoaalbMy 0 1 sdD 1 3 S 0.2 

0 Contalnmant 0 dP 1 10 S.S 

0 WOato Charactarlallco 
Toxldly 0 S to to 10 S.4 

0 Targota 
Population WHhln a 0 1 2 S 4 J) 

1 2 3 

4 2^ 2o 20 
0.8 

l-MMoRadhio 
Olataneoloa c 

1 2 S 4 J) 

1 2 3 4 0 o 12 

Olraet Contact Worli Shoot 

>1.000 

0 DIvMo lino 0 by 21.000 anO multiply by 100 

FIOURE 12 ISgt. f(, 
DIRECT CONTACT WORK SHEET 

oihSOi^ved 
8oC • 4/,bl Tnc.Jv* 

Co~l Thttd*/^4-

2|,F>,7 

V I 
jP s •*-

58 
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MEMORANDUM 

April 4, 1973 1-
TO: Jerry Hurst, Director 

Field Frogram 
Division o£ Solid Waste 

FROM: Theodore F. Gibson, P. H. Rep. II. 
Training Frogram 
Division of Solid Waste 

SUBJECT: Investigation of Conqtlaint at Richmond Ice Plant 

On April 3, 1973, Mr. Larry Campbell, Madison County Sanitarian, 
and I went to the Richmond Ice Plant to investigate a report that 
pollutants were being dumped into a small lake in an effort to fill it. 

This is definitely the case. Part of the lake's bank was black 
where the oil had settled and there was a small oil slick near the bank. 
Part of the bank was still wet from some sort of slimy substance that had 
been dumped into the water. 

We spoke to Mr. Ben Robinson, owner of the Richmond Ice Plant, and 
he stated that dirt and broken up concrete were being placed in the lake 
with his permission, but the oil and other refuse was not. 

This lake appears to be fed by a small stream and I do not see how 
it can be filled completely. Kr. Robinson spoke of installing some piping 
to allow the stream to flow, but he seemed insistent that the filling operation 
would continue. 

I recommend that if this lake is to be filled, only dirt be used, and 
use of all other materials be stopped. 

Theodore P. Gibsoj 
Training Program' 

5*. P.H. Rep. II. 

TFG:lw 

cc: Mr. Ben Robinson 
c/o Richmond Ice Plant 

Madison County Health Dept. 

Water Pollution 



MEMORANDUM 

Ma^y 10, 1978 

TO: Ross Singleton, Area Supervisor 

FROM: Marsha Denton, PHR \V^ 
SUBJECT: Madison County #076.01D, Richmond Ice Company 

On April 25, 1978, Lloyd Funkhouser and I inspected the above 
named dump in Richmond, Kentucky. It is located behind the Richmond 
Ice Company at Big Hill and Heath Streets. 

The dump had been graded recently and covered. But the perimeters 
of the dunqi need a lot of work. Also new dumping had begun at the front of 
the dump. 

We talked to Mr. Ben Robinson, the owner. He said he had been 
filling in for six years, that the dump used to be a pond from which the company 
got the ice they sold. I told him he was in violation of the law and gave him 
a permit application. 

MD:mg 

cc: Jim Denton 
Madison County Health Dept. 



JULIAN M CARROLL 
Sis»cr«»T Gove»«o« 

COMMONWEALTH OF KENTUCKY 

DEPARTMENT FOR NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION 
BUREAU OF ENVIRONMENTAL PROTECTION 

JOHN A. ROTH 
COMMISSIONER 

FRANKFORT, KENTUCKY AOOOI 

May 9. 1978 

Mr. Ben Robinson 
Richmond Ice Company 
Heatii.-Street 

Imond^ Kentucky 40475 

Dear Nr. Robinson: 

On April 25, 1978, field staff from our division inspected a tract 
of land belonging to the Richmond Ice Conpany located in Richmond at 
Big Hill Avenue and Heath Street behind the ice company. This land 
is being used for disposal of construction debris, junk and household waste 
and appears to be in violation of the KentucKy Solid Waste Regulations. 

This problem can be alleviated by either removing said waste and 
depositing it in a state approved landfill or by covering the waste with a 
minimum of two feet of soil to prevent its recurrence. 

I would appreciate a written reply from you stating your intentions 
and a time schedule for correcting this apparent violation. Your reply 
should be received in this office no later than May 24, 1978. If you 
have apy questions concerning this matter, or if this office may be of 
assistance, please feel free to contact me. 

Sincerely, 

Caroline Patrick Haight, Chief 
Non-Hazardous Waste Management Section 
Division of Hazardous Material & Waste 

Management 

CPH:MD:mg 

cc: Ross Singleton, Area Supervisor 
Marsha Denton, Inspector 
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lUj 23, 1973 

Madisoa Comty HMitii BafarCMot 
Bouta 3, las lU 

tlahaoad, taatuely 40475 

ATW: Bala MareoB 

Baar Six: 

Thia lattar la in rafaraaca to tha appllcacioa of tha Uclaaond lee 
naoc to fill ia tha laka Juat off of Big 1111 Avaaua. 

Xn tha applicatioa thara «aa ao Matioa aa to vhat typaa of Mtariala 
VDuld ha uaad to fill tha laka. Ia yoax caaax lattar, you aUUd **If dirt 
oaly ia gradually uaad to fill Uila laka, thai it will aliaiaata tha 
•uiaaaca af odar aad kraadiag of wactara." I agraa with that atetawaat, 
but thara aaa aa aaatian af Virt aaly" haiag uaad ta fill ia tha laka. 
I aaauaa tkla uaa a warbal uadarauabig bataaaa yau aad tha lea Plaat. 

If it is cxua that tha iacaat ta fill with dirt aaly thaa thia affica 
aat avaa lafuira a yaol-B. Birt ia aat eaaaidarad a faxM af aalid 

waata aad thaxafaia, thia aparotiaa waald aat ba aaa af a41ii waata bat 
ia fact a gtadiat aparatiaa. 

X ai^ add that frua aapa'^**Ba I hawa laaxaad that aay 
Qrpa of filliag apaxatioa aeaaa to attract garbage. Siaea tha yxoparty 
awaer ia raapoaaihU far tha aaaditlaa af tha laad, tha liahaaad laa Plsat 
will hawa ta aaataal thia apatatioa ia oriar to praaaat aay typa af oaato 
baiag dfaiaaid af at tha aita. 

Agaia, X waat ta aay that a patait fraa tfiia affUa ia aat tagatiai 
if dirt ia all that U ta ha uaad ta fill tha laka. U aay alhar aatarial 
ia ta ba uaad. tha ayyliaatlaa should ba laaiibaftnai alaog with a Itat af 
tiw ^ryaa af aatariala ta ba diayaaad af. 

Xf dda affiaa aaa ba af aqr eaaiataaaa* da aat haaitata ta aaatact ua. 

Siacaxwly, 1 ^ 

Jarry U^larat, Asaaelata laaitary lagiaaar 
JUI m Piald Prograa 
aa: liekaoad Ica flaopaay 





TTNSrANNABI.F. 
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POPULATION DATA DOCUMENTATION 

NAME OF SITE: TIMKST 

COUNTY: 

RADIUS HOUSE/BUILDING COUNT POPULATION 

k Mile 

i MUe 

/C3^ CZl% 

1 Mile 

S7CS' 2/, 90-7 
2 MUes 

7S9r 29./0/ 

3 Miles 

79" 9 50, asV 
4 MUes 

701/ 3BT/t. 

MEHTODOLOGY: House and building counts are taken from U.S.G.S Topographic 
map(s). These numbers are then multiplied by the conversion 
factor of 3.8 persons per household, as suggested in EPA's 
Uncontrolled Hazardous Waste Site Ranking System Users 
Manual, to obtain populations. 

REFERENCES 
K7i;g.cU.^a " -I-, 

iqur: " ci^Xr^.L " 
MfTl " :: ; , 

COMMENTS: 



NAME OF SlTEi 

COUNTY: 

POPULATION DATA DOCUMENTATION c; 

Xce. 'P/c^4 
lO^ 

RADIUS HOUSE/BUILDING COUNT POPULATION 

i MUe 

1 MUe 

1 MUe 

o o 
2MUes 

n JTO 
SMUes 

s-j iiy 

bMUes 

3D I 

MEHTOOOLOGY: House and building counts are taken from U^.G.S Topographic 
map(s). These numbers are then multiplied by the conversion 
factor of 3.8 persons per household, as suggested In EPA*s 
Uncontrolled Hazardous Waste Site Ranking System Users 
Manual, to obtain populations. 

REFERENCES: 

COMMENTS: 

15 gr ^ " mi •' " 
' -Z- ' 

l2MLk QSJL, :: '?7f7 " " - '• 



8XTE DISCOVERY FORM 

Part It Information nocossary to add a sit* to CERCLIS 

ACtlONi A 

CPA IDt 

•CITE NAMEl 1 SOURCEi . IR-EPA, T-STATE) 

tTRECTi CONG DISTi .0.5 (optional) 

^IJYl Richmond ZIPl ^0475 _ 

CNTV NAMEl CNTY CODEi i®i. (optional) 

LATXTUDCl 44'/ 261. LONGITUDEi 84* /_17 7 45_"_ (optional) 

INVENTORY INDi Y REMEDIAL INDi Y REMOVAL XNDi N FED FAC INDl N 

RPM NAME) RPM PHONEi - - (EPA Projact Offic*r 

SITE DESCRIPTION! (optional) pOS 

off Big Hill Avenue behind Richmond Ice Plemt 

Part St Othar sit* information 

DATE SITE FIRST 
REPORTED! REPORTED DYi. 

REASON FOR LISTING! 
* 

Questionable fill for small lake-Inspector observed oil slick and oil on banks-

other slinv substances dunked in lake. 



SITE DISCOVERY FORM 

* Part li Information naeoBsary to add a sit* to CERCLIS 

ACTIONi A 

EPA IDi 

SITE NAME I 1 SOURCE l . (R-EPA, T»STATE> 

STREETS CONG DlSTi _o_5 (optional) 

^lYYl Richmond ZIPl 40475 _ 

CNTY NAME I CNTY CODEi (optional) 

LATITUDES 44'/ 261_ LONGITUDES 84* /_177 45J'__ (optional) 

INVENTORY INDl Y REMEDIAL INDi Y REMOVAL INDi N FED FAC INDs N 

RPM NAME? RPM PHONEs - - (EPA Projact Officer 

SITE DESCRIPTIONS (optional) 

off Big Hill Avenue behind Richmond Ice Plant 

Part 8s Other sit* information 

DATE SITE FIRST 
REPORTEDs __ REPORTED BYs. 

REASON FOR LISTINGS 
Questionable fill for small lake-Inspector observed oil slick and oil on banks-

other slimy substances dumped in lake. 





Reference 5 



Hello Mr. Turner, 

From my online research of the Richmond Ice Company and Cold Storage business, it seems that the 
company was first organized in 1905 and was dissolved in November 2001. 

I found references to ammonia being a key ingredient in making ice. 

The following are the sources that I found to document my conclusions. 

Richmond Ice Company organized 1905. 
Original article in Richmond Register 1971 
http://madisonsheritage.omeka.net/items/show/824 

1907 Sanborn map showing location of Richmond Ice Company 
See email with attached pdf of map 

Lewis Weisenburgh buys Richmond Ice Company 1908 
See email with attached pdf of his obituary 

Want ad for Richmond Ice Co 1911 
Shows that Richmond Ice Company was a "40 ton York compression plant" 
See email with attached pdf for want ad 

Ad for York Manufacturing Company Ammonia Valves, 1913 
See email with attached pdf for 

Popular Science article discusses use of Ammonia or Sulphurous Oxide in making ice. 1891 
https://en.wikisource.org/wiki/Popular Science Monthlv/Volume 39/Mav 1891/lce-
Making and Machine Refrigeration 

Kentucky Secretary of State 
Information on Richmond Ice Company 1936 incorporation and July 2000 dissolution 
https://app.sos. kv.gov/ftshow/(S(vi stvvs51xstxgxgfl5pgfuc))/default.aspx?id=005 709 6&ct=09&cs=9 9999 

https://app.sos


Finally, an article on making ice in Mississippi 
http://mshistorvnow.mdah.state.ms.us/a rticles/343/making-ice-in-mississippi 

Elli Morris is a freelance photojoumalist and the author o/Cooling the South: The Block Ice 
Era, 1875-1975. She is the great-granddaughter of the founder of Morris Ice Company, which 
opened in 1880 in Jackson, Mississippi. 

I thought her book might shed light on how ice was made that might be useful to you. You could try to 
get this book from KDLA through inter-library Loan since we do not own it. 
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SAS Output Page 1 of 18 

Circular Area Profiling System (CAPS) 
Version 10C Using Data from Summary File 1, 2010 Census 

Ground Zero Coordinates: Latitude=37.755621 , Longitude=-84.304436 
Richmond Ice Plant 

Access the aggregated data as a csv file here; caps10c581228.csv 

0.25-mile radius of specified point (Richmond Ice 
Plant) 

Subject Number Percent 

1. Total PoDulation Trends. Etc. 

Universe; Total Population 

Total Population 955 

Total Population 2000 1,030 

Change in Population 2000-2010 -75 -7.3 

Males 421 44.1 

Females 534 1 55.9 
Population Density 4796 

Land Area Sq. Miles 

Aae 

Universe: Population 

0 

Under 5 Years 85 8.9 

Age 5 to 9 Years 48 5.0 

10 to 14 Years 53 5.5 

15 to 17 Years 36 3.8 

18 to 19 Years 23 2.4 

20 to 24 Years 102 10.7 

25 to 34 Years 165 17.3 

35 to 44 Years 109 11.4 

45 to 54 Years 112 11.7 

55 to 59 Years 56 5.9 

Age60 to 84 Years 1 45 4.7 

65 to 74 Years 65 6.8 

75 to 84 Years 36 3.8 

85 Years and Over 20 2.1 

Median Age 33.5 

file://A^:/SuperFund/FEDERAL%20SECTION/PASI/richmond%20ice%20plMit/peer%20review/reference... 6/27/2016 



SAS Output Page 2 of 18 

Subject Number Percent 

Age 0 to 17 222 23.2 

18 to 24 Years 125 13.1 

25 to 44 Years 274 28.7 

45 to 64 Years 213 22.3 

62 Years and Over 143 15.0 1 

65 Years and Over 121 12.7 

3. Race 

Universe; Population 

One Race 936 98.0 

White 860 90.1 1 

Black or African American 52 5.4 

American Indian and Alaska Native 3 0.3 

Asian 0 0.0 

Native Hawaiian and Other Pacific 
Islander 

0 0.0 

Some Other Race 21 2.2 

Multi Race - Persons reporting more 
than one race 

19 2.0 

4. Hisoanic or Latino and Race 

Universe: Hispanic or Latino Population 

Hispanic or Latino (of any race) 58 6.1 

Mexican NA 

Puerto Rican NA 

Cuban NA 

Other Hispanic or Latino NA 

Not Hispanic or Latino 897 93.9 

White Alone Not Hispanic 821 86.0 

5. Relationship of Persons in Households 

Universe: Persons in Households 

Total Persons in Households 955 1 100.0 

Householder 444 46.5 

Spouse 125 13.1 

Child 243 25.4 

Own Child Under 18 Years 191 20.0 

Other Relatives 51 5.3 

Non Relatives 92 9.6 

Non-rel Under 18 7 0.7 

1 i 1 

file://A^:/SuperFund/FEDERAL%20SECTION/PASI/richmond%20ice%20plMit/peer%20review/reference... 6/27/2016 



SAS Output Pages of 18 

Subject 

Non-rel Over 65 

Unmarried Partner 

6. Households bv Type 

Universe; Households 

Total Households 

Family Households (Families) 

With Own Children Under 18 Years 

Married Couple Family 

With Own Children Under 18 Years 

Female householder, No Husband 
Present 

With Own Children Under 18 Years 

Non Family Households 

Unmarried Partner Households 

Same-Sex Unmarried Partner HHs 

Householder Living Alone 

Householder 65 Years and Over 

Households With Individuals Under 18 
Years 

7. Group Quarters 

Universe: Population Living in Group Quarters 

Population in Group Quarters 

Institutionalized Population 

Pop In Correctional Institutions 

Pop in Nursing Homes 

Pop in Other Institutions 

Nonlnstitutionalized GQ Pop 

College Dormitories (Includes college 
quarters off 

Military Quarters 

Other Nonlnstitutional GQ Pop 

8. Housing Occupancv and Tenure 

Universe: Housing Units 

Total Housing Units 

Occupied Housing Units 

Owner Occupied 

Renter Occupied 

Number Percent 

444 

235 

113 

125 

38 

82 

57 

209 

NA 

NA 

165 

88 

132 

52.9 

25.5 

28.2 

8.6 

18.5 

12.8 

47.1 

37.2 

19.8 

29.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

file://A^:/SuperFund/FEDERAL%20SECTION/PASI/richmond%20ice%20plMit/peer%20review/reference... 6/27/2016 



SAS Output Page 4 of 18 

Subject Number Percent 

Vacant Housing Units 63 12.4 

Vacant for Rent 36 7.1 

Vacant for Sale 2 0.4 

Vacant for Seasonal,Recreation or 
Occasional Use 

2 0.4 

Homeowner Vacancy Rate 1.20 

Rental Vacancy Rate 11.39 

Pop In Owner-occupied Units 354 37.1 

Pop In Rented Units 601 62.9 

Average Size of Owner-occupied Units 2.16 

Average Size of Renter-Occupied Units 2.15 

Note: Varibles showing "NA" are not available at the blocks level. Specify tracts as the units to be aggregated to 
get values for these Items. 

0.5-mile radius of specified point (Richmond Ice 
Plant) 

2. Age 

Universe; Population 

Under 5 Years 197 7.6 

Age 5 to 9 Years 132 5.1 

10 to14 Years 129 5.0 

IStolTYears 89 3.4 

18to19Years 69 2.7 

20 to 24 Years 231 8.9 

25 to 34 Years 384 14.8 

13.7 35 to 44 Years 356 

14.8 

13.7 

45 to 54 Years 331 12.7 

Subject Number Percent 

1. Total PoDulation Trends. Etc. H 

Universe: Total Population H • 
Total Population 2,602 

Total Population 2000 2,813 

Change in Population 2000-2010 -211 -7.5 

Males 1,182 45.4 ' 

Females 1,420 54.6 

Population Density 3823 

Land Area Sq. Miles 1 

file://A^:/SuperFund/FEDERAL%20SECTION/PASI/richmond%20ice%20plMit/peer%20review/reference... 6/27/2016 



SAS Output Page 5 of 18 

Subject 

55 to 59 Years 

Age60 to 64 Years 

65 to 74 Years 

75 to 84 Years 

85 Years and Over 

Median Age 

Age 0 to 17 

18 to 24 Years 

25 to 44 Years 

45 to 64 Years 

62 Years and Over 

65 Years and Over 

3. Race 

Universe; Population 

One Race 

White 

Black or African American 

American Indian and Alaska Native 

Asian 

Native Hawaiian and Other Pacific 
Islander 

Some Other Race 

Multi Race - Persons reporting more 
than one race 

4. Hispanic or Latino and Race 

Universe: Hispanic or Latino Population 

Hispanic or Latino (of any race) 

Mexican 

Puerto Rican 

Cuban 

Other Hispanic or Latino 

Not Hispanic or Latino 

White Alone Not Hispanic 

5. Relationship of Persons in Households 

Universe: Persons in Households 

Total Persons in Households 

Householder 

Number 

144 

142 

213 

131 

54 

37.5 

547 

300 

740 

617 

477 

398 

2,546 

89 

NA 

NA 

NA 

NA 

2,513 

2,340 

2,602 

1,195 

Percent 

5.5 

5.5 

8.2 

5.0 

2.1 

21.0 

11.5 

28.4 

23.7 

18.3 

15.3 

97.8 

2,396 92.1 

109 4.2 

6 0.2 

4 0.2 

0 0.0 

31 1.2 

56 2.2 

3.4 

96.6 

89.9 

100.0 

45.9 

file://A^:/SuperFund/FEDERAL%20SECTION/PASI/richmond%20ice%20plMit/peer%20review/reference... 6/27/2016 



SAS Output Page 6 of 18 

Subject Number Percent 

Spouse 412 15.8 

Child 638 24.5 

Own Child Under 18 Years 488 18.8 

Other Relatives 134 5.1 

Non Relatives 223 8.6 

Non-rel Under 18 13 0.5 

Non-rel Over 65 6 0.2 

Unmarried Partner NA 

6. Households by Type 

Universe; Households 

Total Households 

Family Households (Families) 

With Own Children Under 18 Years 

Married Couple Family 

With Own Children Under 18 Years 

Female householder, No Husband 
Present 

With Own Children Under 18 Years 

Non Family Households 

Unmarried Partner Households 

Same-Sex Unmarried Partner HHs 

Householder Living Alone 

Householder 65 Years and Over 

Households With Individuals Under 18 
Years 

7. Group Quarters 

Universe: Population Living in Group Quarters 

Population in Group Quarters 

Institutionalized Population 

Pop In Correctional Institutions 

Pop in Nursing Homes 

Pop in Other Institutions 

Nonlnstitutionalized GQ Pop 

College Dormitories (Includes college 
quarters off 

Military Quarters 

Other Nonlnstitutional GQ Pop 

1,195 

668 

283 

412 

134 

180 

102 

527 

NA 

NA 

412 

290 

319 

55.9 

23.7 

34.5 

11.2 

15.1 

8.5 

44.1 

34.5 

24.3 

26.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

file://A^:/SuperFund/FEDERAL%20SECTION/PASI/richmond%20ice%20plMit/peer%20review/reference... 6/27/2016 



SAS Output Page 7 of 18 

Subject Number Percent 

8. Housina Occupancv and Tenure 

Universe; Housing Units 

Total Housing Units 1,405 

Occupied Housing Units 1,195 85.1 1 

Owner Occupied 619 51.8 1 

Renter Occupied 576 48.2 

Vacant Housing Units 210 14.9 

Vacant for Rent 110 7.8 

Vacant for Sale 21 1.5 

Vacant for Seasonal,Recreation or 
Occasional Use 

9 0.6 

Homeowner Vacancy Rate 3.28 

Rental Vacancy Rate 16.03 

Pop In Owner-occupied Units 1,291 49.6 

Pop In Rented Units 1,311 50.4 

Average Size of Owner-occupied Units 2.09 

Average Size of Renter-Occupied Units 2.28 

Note: Varibles showing "NA" are not available at the blocks level. Specify tracts as the units to be aggregated to 
get values for these Items. 

1-mile radius of specified point (Richmond Ice 
Plant) 

Subject Number Percent 

1. Total PoDulation Trends. Etc. 

Universe: Total Population 

Total Population 8,235 

Total Population 2000 8,579 

Change in Population 2000-2010 -344 -4.0 

Males 3,872 47.0 

Females 4,363 53.0 

Population Density 2555 

Land Area Sq. Miles 3 

2. Aae J • 
Universe: Population 

Under 5 Years 554 6.7 

Age 5 to 9 Years 399 4.8 

10 to 14 Years 346 4.2 
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Subject Number Percent 

15 to 17 Years 200 2.4 

18 to 19 Years 275 3.3 

20 to 24 Years 1,233 15.0 

25 to 34 Years 1,305 15.8 

35 to 44 Years 941 11.4 1 

45 to 54 Years 961 11.7 

55 to 59 Years 403 4.9 

Age60 to 64 Years 370 4.5 , 

65 to 74 Years 555 6.7 

75 to 84 Years 459 5.6 ' 

85 Years and Over 234 2.8 

Median Age 36.5 

Age 0 to 17 1,499 18.2 ' 

18 to 24 Years 1,508 18.3 1 

25 to 44 Years 2,246 27.3 

45 to 64 Years 1,734 21.1 

62 Years and Over 1,467 17.8 1 

65 Years and Over 1,248 15.2 

3. Race r 
Universe; Population 1 

One Race 8,057 97.8 

White 7,346 89.2 

Black or African American 509 6.2 

American Indian and Alaska Native 24 0.3 

Asian 77 0.9 

Native Hawaiian and Other Pacific 
Islander 

4 0.0 

Some Other Race 97 1.2 

Multi Race - Persons reporting more 
than one race 

178 2.2 

4. Hisoanic or Latino and Race 

Universe: Hispanic or Latino Population 

Hispanic or Latino (of any race) 222 2.7 

Mexican NA 

Puerto Rican NA 

Cuban NA 

Other Hispanic or Latino NA 

file://A^:/SuperFund/FEDERAL%20SECTION/PASI/richmond%20ice%20plMit/peer%20review/reference... 6/27/2016 
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Subject 

Not Hispanic or Latino 

White Alone Not Hispanic 

5. Relationship of Persons in Households 

Universe; Persons in Households 

Total Persons in Households 

Householder 

Spouse 

Child 

Own Child Under 18 Years 

Other Relatives 

Non Relatives 

Non-rel Under 18 

Non-rel Over 65 

Unmarried Partner 

6. Households bv Tvoe 

Universe: Households 

Total Households 

Family Households (Families) 

With Own Children Under 18 Years 

Married Couple Family 

With Own Children Under 18 Years 

Female householder, No Husband 
Present 

With Own Children Under 18 Years 

Non Family Households 

Unmarried Partner Households 

Same-Sex Unmarried Partner HHs 

Householder Living Alone 

Householder 65 Years and Over 

Households With Individuals Under 18 
Years 

7. Group Quarters 

Universe: Population Living in Group Quarters 

Population in Group Quarters 

Institutionalized Population 

Pop In Correctional Institutions 

Pop in Nursing Homes 

Number 

8,013 

7,219 

7,869 

3,840 

1,117 

1,746 

1,346 

371 

795 

20 

15 

3,840 

1,839 

811 

1,117 

384 

528 

318 

2,001 

NA 

NA 

1,566 

912 

895 

366 

233 

190 

43 

Percent 

97.3 

87.7 

95.6 

46.6 

13.6 

21.2 

16.3 

4.5 

9.7 

0.2 

0.2 

47.9 

21.1 

29.1 

10.0 

13.7 

8.3 

52.1 

40.8 

23.7 

23.3 

2.8 

2.3 

0.5 
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Subject Number Percent 

Pop In Other Institutions 0 0.0 

Nonlnstltutlonallzed GQ Pop 133 1.6 

College Dormitories (Includes college 
quarters off 

129 1.6 

Military Quarters 0 0.0 

Other Nonlnstltutlonal GQ Pop 4 0.0 

8. Housina OccuDancv and Tenure • 
Universe; Housing Units I 1 

Total Housing Units 4,409 

Occupied Housing Units 3,840 87.1 

Owner Occupied 1,400 36.5 

Renter Occupied 2,440 63.5 

Vacant Housing Units 569 12.9 

Vacant for Rent 284 6.4 

Vacant for Sale 72 1.6 

Vacant for Seasonal,Recreation or 
Occasional Use 

31 0.7 

Homeowner Vacancy Rate 4.89 

Rental Vacancy Rate 10.43 

Pop In Owner-occupied Units 2,979 36.2 

Pop In Rented Units 4,890 59.4 

Average Size of Owner-occupied Units 2.13 

Average Size of Renter-Occupied Units 2.01 

Note: Varibles showing "NA" are not available at the blocks level. Specify tracts as the units to be aggregated to 
get values for these items. 

2-mile radius of specified point (Richmond Ice 
Plant) 

Subject Number Percent 

1. Total PoDulation Trends. Etc. _|| 

Universe: Total Population 

Total Population 26,237 

Total Population 2000 24,881 

Change In Population 2000-2010 1,356 5.4 

Males 12,453 47.5 

Females 13,784 52.5 

Population Density 2284 
— 
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Subject 

Land Area Sq. Miles 

2. Age 

Universe; Population 

Under 5 Years 

Age 5 to 9 Years 

10 to 14 Years 

15 to 17 Years 

18 to 19 Years 

20 to 24 Years 

25 to 34 Years 

35 to 44 Years 

45 to 54 Years 

55 to 59 Years 

AgeOO to 64 Years 

65 to 74 Years 

75 to 84 Years 

85 Years and Over 

Median Age 

Age 0 to 17 

18 to 24 Years 

25 to 44 Years 

45 to 64 Years 

62 Years and Over 

65 Years and Over 

3. Race 

Universe: Population 

One Race 

White 

Black or African American 

American Indian and Alaska Native 

Asian 

Native Hawaiian and Other Pacific 
Islander 

Some Other Race 

Multi Race - Persons reporting more 
than one race 

4. Hispanic or Latino and Race 

Number 

2,665 

5,618 

4,147 

2,597 

2,485 

990 

866 

1,209 

892 

418 

31.1 

4,350 

8,283 

6,744 

4,341 

3,006 

2,519 

25,595 

22,674 

2,224 

72 

304 

16 

305 

642 

Percent 

10.2 

21.4 

15.8 

9.9 

9.5 

3.8 

3.3 

4.6 

3.4 

1.6 

16.6 

31.6 

25.7 

16.5 

11.5 

9.6 

97.6 

86.4 

8.5 

0.3 

1.2 

0.1 

1.2 

2.4 

I 
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Subject Number Percent 

Universe; Hispanic or Latino Population 

Hispanic or Latino (of any race) 690 2.6 

Mexican NA 

Puerto Rican NA 

Cuban NA 

Other Hispanic or Latino NA 

Not Hispanic or Latino 25,547 97.4 

White Alone Not Hispanic 22,319 85.1 

5. Relationship of Persons in Households 

Universe: Persons in Households 

Total Persons in Households 21,976 83.8 

Householder 10,354 39.5 

Spouse 2,969 11.3 

Child 4,939 18.8 

Own Child Under 18 Years 3,833 14.6 

Other Relatives 1,091 4.2 

Non Relatives 2,623 10.0 

Non-rel Under 18 99 0.4 

Non-rel Over 65 34 0.1 

Unmarried Partner NA 

6. Households bv Tvpe • • 1 
Universe: Households t 1 

Total Households 10,354 

Family Households (Families) 4,960 47.9 

With Own Children Under 18 Years 2,315 22.4 

Married Couple Family 2,969 28.7 

With Own Children Under 18 Years 1,159 11.2 

Female householder, No Husband 1,474 14.2 
Present 

With Own Children Under 18 Years 879 8.5 

Non Family Households 5,394 52.1 

Unmarried Partner Households NA 

Same-Sex Unmarried Partner HHs NA 

Householder Living Alone 3,849 37.2 

Householder 65 Years and Over 1,741 16.8 

Households With Individuals Under 18 2,590 25.0 
Years 

n 
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Subject Number Percent 

7. GrouD Quarters 

Universe: Population Living In Group Quarters 

Population in Group Quarters 4,261 16.2 

Institutionalized Population 397 1.5 

Pop In Correctional Institutions 190 0.7 

Pop In Nursing Homes 207 0.8 

Pop In Other Institutions 0 0.0 

Nonlnstltutlonallzed GQ Pop 3,864 14.7 

College Dormitories (Includes college 
quarters off 

3,761 14.3 

Military Quarters 0 0.0 

Other Nonlnstltutlonal GQ Pop 103 0.4 

8. Housina OccuDancv and Tenure H r 
Universe: Housing Units H t ^ 

Total Housing Units 11,463 

Occupied Housing Units 10,354 90.3 

Owner Occupied 3,447 33.3 

Renter Occupied 6,907 66.7 

Vacant Housing Units 1,109 9.7 

Vacant for Rent 602 5.3 

Vacant for Sale 130 1.1 

Vacant for Seasonal,Recreation or 
Occasional Use 

68 
1 

Homeowner Vacancy Rate 3.63 

Rental Vacancy Rate 8.02 

Pop In Owner-occupied Units 7,925 30.2 

Pop In Rented Units 14,051 53.6 

Average Size of Owner-occupied Units 2.30 

Average Size of Renter-Occupied Units 2.03 

Note: Varibles showing "NA" are not available at the blocks level. Specify tracts as the units to be aggregated to 
get values for these Items. 

3-mile radius of specified point (Richmond Ice 
Plant) 

Subject 

1. Total Population Trends. Etc. 

Universe; Total Population 

Number Percent 
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Subject Number Percent 

Total Population 33,898 

Total Population 2000 30,218 

Change in Population 2000-2010 3,680 12.2 

Males 16,249 47.9 

Females 17,649 52.1 

Population Density 1459 

Land Area Sq. Miles 23 

2. Age 

Universe: Poputation 

Asian 

Under 5 Years 1,987 5.9 

Age 5 to 9 Years 1,639 4.8 

10 to 14 Years 1,562 4.6 

15 to 17 Years 887 2.6 

18 to 19 Years 2,847 8.4 

20 to 24 Years 6,348 18.7 

25 to 34 Years 5,290 15.6 

35 to 44 Years 3,629 10.7 

45 to 54 Years 3,471 10.2 

55 to 59 Years 1,511 4.5 

Age60 to 64 Years 1,280 3.8 

65 to 74 Years 1,765 5.2 

75 to 84 Years 1,190 3.5 

85 Years and Over 492 1.5 

Median Age 32.5 

Age 0 to 17 6,075 17.9 

18 to 24 Years 9,195 27.1 

25 to 44 Years 8,919 26.3 

45 to 64 Years 6,262 18.5 

62 Years and Over 4,169 12.3 

65 Years and Over 3,447 10.2 

3. Race 

Universe: Population 

One Race 33,110 97.7 

White 29,647 87.5 

Black or African American 2,574 7.6 

American Indian and Alaska Native 89 0.3 
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Subject Number Percent 

412 1.2 

Native Hawaiian and Other Pacific 
Islander 

19 0.1 

Some Other Race 369 1.1 

Multi Race - Persons reporting more 
than one race 

788 2.3 

4. HisDanic or Latino and Race 1 J 
Universe: Hispanic or Latino Population 

• 
Hispanic or Latino (of any race) 879 2.8 

Mexican NA 

Puerto Rican NA 

Cuban NA 

Other Hispanic or Latino NA 

Not Hispanic or Latino 33,019 97.4 

White Alone Not Hispanic 29,185 86.1 

5. RelationshiD of Persons in Households 

Universe: Persons in Households 

Total Persons in Households 29,554 87.2 

Householder 13,449 39.7 1 

Spouse 4,590 13.5 

Child 6,879 20.3 

Own Child Under 18 Years 5,374 15.9 

Other Relatives 1,432 4.2 

Non Relatives 3,204 9.5 

Non-rel Under 18 134 0.4 

Non-rel Over 65 47 0.1 

Unmarried Partner NA 

6. Households by Type 

Universe; Households 

Total Households 13,449 

Family Households (Families) 7,034 52.3 

With Own Children Under 18 Years 3,224 24.0 

Married Couple Family 4,590 34.1 

With Own Children Under 18 Years 1,809 13.5 

Female householder, No Husband 
Present 

1,804 13.4 

With Own Children Under 18 Years 1,076 8.0 
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Subject 

Non Family Households 

Unmarried Partner Households 

Same-Sex Unmarried Partner HHs 

Householder Living Alone 

Householder 65 Years and Over 

Households With Individuals Under 18 
Years 

7. Group Quarters 

Universe; Population Living in Group Quarters 

Population in Group Quarters 

Institutionalized Population 

Pop In Correctional Institutions 

Pop in Nursing Homes 

Pop in Other Institutions 

Nonlnstitutionalized GQ Pop 

College Dormitories (Includes college 
quarters off 

Military Quarters 

Other Nonlnstitutional GQ Pop 

8. Housing Occupancv and Tenure 

Universe: Housing Units 

Total Housing Units 

Occupied Housing Units 

Owner Occupied 

Renter Occupied 

Vacant Housing Units 

Vacant for Rent 

Vacant for Sale 

Vacant for Seasonal,Recreation or 
Occasional Use 

Homeowner Vacancy Rate 

Rental Vacancy Rate 

Pop in Owner-occupied Units 

Pop in Rented Units 

Average Size of Owner-occupied Units 

Average Size of Renter-Occupied Units 

Number 

6,415 

NA 

NA 

4,582 

2,351 

3,602 

4,344 

480 

264 

207 

3,864 

3,761 

5,608 

7,841 

1,357 

702 

201 

87 

3.46 

8.22 

13,377 

16,177 

2.39 

2.06 

Percent 

47.7 

34.1 

17.5 

26.8 

12.8 

1.4 

0.8 

0.6 

0.0 

11.4 

11.1 

0.0 

41.7 

58.3 

9.2 

4.7 

1.4 

0.6 

39.5 

47.7 

Note: Varibles showing "NA" are not available at the blocks level. Specify tracts as the units to be aggregated to 
get values for these Items. 
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Summary of True Areas of Circles vs. That of Areas Selected to Estimate Them 
(This Report Indicates How Well We Were Able to Approximate the Circular Area) 

radius Estimated True Area Ratio of Estimate 
to True Area 

0.20 

0.68 

3.24 

11.53 

23.35 

0.20 

0.79 

3.14 

12.57 

28.27 

1.014 

0.868 

1.033 

0.918 

0.826 
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Auxiliary Report: Counties Contributing to Circular Areas, By Concentric Ring Areas 
Coordinates: (37.755621 , -84.304436) 

Outer radius of Ring (or circle)=0.25 

Outer radius of Ring (or c[rcle)=0.5 

Outer radius of Ring (or circle)=1 

Outer radius of Ring (or circle)=2 

Outer radius of Ring (or circle)=3 

Use this link to download the aeocodes file (all geographic areas used) 

Access the capslOc application at http://mcdc.missouri.edu/websas/capslOc.html 

Missouri Census Data Center 
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Richmond, Kentucky Koppen Climate Classification (Weatherbase) Page 1 of3 

weatherbase Browse » Features » 

WiNDSTAR WEEK SALE 
CRUISES SAVE UP TO 76% 

RICHMOND, KENTUCKY 
Home > North America > United States > Kentucky 
Elevation: 100 feet Latitude: 37 45N Longitude: 084 20W 
Koppen Classification: Humid Subtropical Climate 

WEATHER 
• Monthly - Summary 

• Nearby 
• Forecast 

• Monthly - All Data 
=> Climate Summary 
• Daily Averages 
• Hourly Data 

Average Temperatures in Richmond 

200 

•100 —I—I—I—1—1—1—1—1—1—I—I— 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

This climate is characterized by relatively high temperatures and evenly distributed 
precipitation throughout the year. This climate type is found on the eastern sides of the 
continents between 20° and 35° N and S latitude. In summer, these regions are largely 
under the influence of moist, maritime airflow from the western side of the subtropical 

anticyclonic cells over low-latitude ocean waters. Temperatures are high and can lead to 
warm, oppressive nights. Summers are usually somewhat wetter than winters, with much of 
the rainfall coming from convectional thunderstorm activity; tropical cyclones also enhance 
warm-season rainfall in some regions. The coldest month is usually quite mild, although frosts 
are not uncommon, and winter precipitation is derived primarily from frontal cyclones along the 
polar front. 

The Koppen Climate Classification subtype for this climate is "Cfa". (Humid Subtropical 
Climate). 

The average temperature for the year in Richmond is 54.3°F (12.4°C). The warmest month, on 
average, is July with an average temperature of 75.0°F (23.9°C). The coolest month on 
average is January, with an average temperature of 31.4°F (-0.3°C). 

The highest recorded temperature in Richmond is 103.0°F (39.4°C), which was recorded in 
July. The lowest recorded temperature in Richmond is -20.0°F (-28.9°C), which was recorded 
in January. 

The average amount of precipitation for the year in Richmond is 46.8" (1188.7 mm). The 
month with the most precipitation on average is May with 5.1" (129.5 mm) of precipitation. The 
month with the least precipitation on average is September with an average of 3.1" (78.7 mm). 
There are an average of 126.5 days of precipitation, with the most precipitation occurring in 
May with 12.4 days and the least precipitation occurring in September with 7.6 days. 

In Richmond, there's an average of 12.5" of snow (0 cm). The month with the most snow is 
January, with 4.5" of snow (11.4 cm). 

SHARE 

PRINT THIS DATA 

WE HAVE THE 
TIRES YOU NEED! 

MCCLUSKEY 
CHEVROLET 

FREEUFETIME 
POWERTRAIN 
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Richmond, Kentucky Koppen Climate Classification (Weatherbase) 

World Map of the Koppen-Gelger Climate Classification Main dimates Precipitation TemperMi^ 
A: equatorial W: desert ^ 
Brand S: steppe krcoldard F 

Af Am As Aw BWk Bwh Bsk BSh Cta Cfb Cfc Cea Csb Osc Cwa c. warm temperate f: fully hiarid ^ 
s: summer dry b; 
w: winter Ay extremely corrtriental 
m: monsoonal 

cools 
polar frost 
polar tiaidra 

Cwb Owe Dta DIb Dfc Dtd Dsa Dsb Dsc Dsd DM Dwb Owe Dwd EF ET E polar 

STORIES FROM OUR PARTNERS 
You May Like 

Forget Tbe iPhoDe 7. Next Apple SensatioD Leaked 
The Mollev Fool 

Jeff Bridges' Magnificent Home Is Beyond Stunning 
Lou iiv 

25 Rarely Seen Historical Photos Are Very Unnerving 
World Lifestvle 

And the best stock for 2016 is... 
VentuieC apital News 

This Hyena Was Cornered By A Pack Of Wild Dogs, But What It Does Next Is Genius 
FuzzFts 

5 of the Most Haunted Houses in the World 
LifeHackLaue 

Genius Rule For Kentncky Drivers 
Free Rate Report Quotes 

The Royal Family Was Shocked When Kate Wore This 
StsTeBistro 

Page 2 of 3 

Sponsored Links by Taboola [> 
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Richmond, Kentucky Koppen Climate Classification (Weatherbase) Page 3 of 3 

FEATURES ABOUT US MOBILE FOLLOW US OTHER COOL SITES 
Compare Cities 
Vacation Finder 

About I Press 

Weather Reference 
Weather Glossary 
Climate Calculators 

Data Licensing 
Weather Consulting 
Contact Us 
Privacy Poiicy 

9nn iPhone / iPad 

Google Earth 

Windows Pho 

Facebook 

Windows Phone 

Deali.sh - Rash Sales 
Geoba.se - city Facts 
Factba.se - country Facts 
DealChicken - Buy. save. Yeah. 
WeatherAlpha - Big brains. 

© Copyright 2016 CantyMedia 
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Record of 
Communication 

F PHONE CALL 

r CONFERENCE 

r DISCUSSION 

r OTEIER 

r ON-SITE 

r ON-CALL 

PARTICIPANTS: Wesley Turner 
DATE: 5/24/2016 MARSi D780 

Site: Richmond Ice Plant County: Madison AI: 51865 

SUMMARY OF COMMUNICATION: 

Contacted the Richmond City Building Codes and Enforcement to inquire as to when the Richmond Ice Plant was demolished. 
Her e- records only went to 2007 so the building was demolished prior to that. Google Eardi imagery from 1997 showed the 
building still diere. I was referred to the State Deparhnent of Housing and Building Codes to conduct an open record request for 
the information. Sent an e-mail 5/24/2016 to Molly McCleese to request the information. 

CONCLUSION, ACTION TAKEN OR REQUIRED: 
INFORMATION COPIES TO: 

DEP1008 



OGC-01 
Rev. 10/2013 

PUBLIC PROTECTION CABINET 
DEPARTMENT OF HOUSING, BUILDINGS AND CONSTRUCTION 

REQUEST TO INSPECT PUBLIC RECORDS 
PURSUANT TO KRS CHAPTER 61 

Please return this form to: Department of Housing, Buildings and Construction, Attn: Records Custodian, 
101 Sea Hero Road, Suite 100, Frankfort, Kentucky 40601-5412 or fax to 502-573-1057 

Current Date: 5/24/2016 

I hereby request to • inspect or x receive copies of the following documents: (please be specific) 

Demolition of Former Richmond Ice Plant sometime between 1997 and 2007 electronic copies preferred 

PROJECT NAME & ADDRESS: 816 Heath Street, Richmond KY 40475 

Are the requested documents sought for a 
commercial purpose? Yes No _x 

If yes, please state the commercial 
purpose: 

Submitted by: 
Wesley Turner 

Please print name clearly 

Company Name: 

Address: 

Telephone: 

Fax: 

Wesley Turner 
Signature of person requesting records 

Kentucky Division Of Waste Management Superfund 
Branch 

200 Fair Oaks 

Frankfort KY 

( 502 ) 564-6716 

1 I 
TO BE COMPLETED BY DEPARTMENT PERSONNEL 

DISPOSITION 
The following disposition of the above request is recommended: 
• Copies of records cannot be made available until approximately _ 
• The records are available for inspection and copying 8 a.m. to 4:30 p.m. Monday-Friday. 
• The attached records are what we have, as requested. 

Total number of written documents: (d) 

Total number of copies of non-written records: @ 

Total cost: Cash • Check • Money Order • 

APPROVED FOR MAILING: 

Records Custodian Date Program Manager Date 

Section/Division 
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Calloway Creek Limestone and 
Ashlock and Drakes Formations 
(Upper Ordovician) in 

' South-Central Kentucky 
By GORDON W. WEIR, ROBERT C. GREENE, and GEORGE C. SIMMONS 

- CONTRIBUTIONS TO STRATIGRAPHY 

GEOLOGICAL SURVEY BULLETIN 1 2 2 4 -D 

Prepared in cooperation with the 
Kentucky Geological Survey 

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1965 



UNITED STATES DEPARTMENT OF THE INTERIOR 

STEWART L. UDALL, Secretary 

GEOLOGICAL SURVEY 

Thomas B. Nolan, Director 
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CALLOWAY CREEK LIMESTONE AND ASHLOCK AND 
DRAKES FORMATIONS (UPPER ORDOVICIAN) IN 

SOUTH-CENTRAL KENTUCKY 

By GORDON W. WEIR, ROBERT C. GREENE, and GEORGE C. SIMMONS 

ABSTRACT 

Upper Ordovician rocks in south-central Kentucky are divided into lithologi-
cally distinct formations chiefly on the basis of contrasts in their mudstone and 
limestone content. From the top of the Garrard Siltstone to the top of the Ordo­
vician are three newly deflned map units; in ascending order, these are the Callo­
way Creek Limestone and the Ashlock and Drakes Formations. 

The Galloway Creek Limestone is ohdefly gray 'thin-bedded fossiliferoais flne-
to medium-grained limestoine having partings and seams of greenish-gray shale; 
the lower part of 'the formation includes greenish-gray thin-bedded limy siltstone. 
The OalJ'Oway Greek ranges from 'about 80 to 130 feet in thickness. 

The lower part of the Ashlock Formation is chiefly greenish-gray very sparsely 
fossiliferous limy and dolomitic mudstone; the middle part consists of blu'ish-
and ligh't-gray fossiliferous aphanitic to medium-grained and silty limestone; 
the upper part consists of greenish-gray unfossiliferous limy and dolomitic mud-
st'one overlain by gray ithin-bedded fossiliferous micrograined, medimn-grained, 
and silty limestone. The Ashlock Formation ranges from about 125 to 145 feet in 
thickness. 

The Drakes Formation is chiefly grayish-green unfossiliferous limy and dolo­
mitic mudstone; the upper part contains thin beds of yellowish-gray »sparsely 
fossiliferous flue-grained dolomitic limestone. The Drakes Formation ranges 
from about 120 to 150 feet in 'thickness. 

INTRODUCTION 

Geologic mapping and stratigraphic studies show the need for new 
names for lithologic divisions of the Upper Ordovician rocks in south-
central Kentucky (figs. 1 and 2). Previous stratigraphic nomencla­
ture (fig. 3), developed by stratigraphers during the early part of this 
century, was largely concerned with paleontological divisions of Upper 
Ordovician strata near Cincinnati, Ohio, and in southeastern Indiana. 
The development of the nomenclature of the Upper Ordovician rocks 
of Ohio and Indiana is beyond the scope of this paper, but it has been 
recently reviewed by Gutstadt (1958, p. 518-521), Weiss and Norman 

D1 
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FIGURE 1.—Area of tliis report. 

37°30'_ 

FIGURE 2.—Locations of stratigraphic sections in south-central Kentucky: 1, 
Calloway Creek; 2a, Ashlock Cemetery West; 2b, Ashlock Cemetery; 2c, Lake 
Reba ; 3a, East Fork of Drakes Creek; 3b, Rowland West; 3c, Preachersville 
Southeast. 
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(1960), and Fox (1962, p. 622-628). These authoi-s pointed out that 
there has been much confusion between faunal units and rock units. 
Most of the named divisions in Ohio and Indiana were characterized 
by their fossils rather than lithology. The names of these divisions, 
called formations and members, were applied in south-central Ken­
tucky to presumed time-equivalent units whose fossils or stratigraphic 
relations were similar to those of named divisions in Ohio and Indiana. 

Whatever the suitability of the previous nomenclature in Ohio and 
Indiana, the stratigraphic names used there are inadequate for the 
Upper Ordovician rocks of south-central Kentucky because the lithol­
ogy of this part of the section changes markedly between the two 
regions. The Upper Ordovician section in south-central Kentucky 
contains more mudstone, argillaceous limestone, and micrograined to 
fine-grained limestone than the approximately equivalent section near 
the Ohio Kiver. 

The inadequacy of the nomenclature of the Cincinnati area for 
Upper Ordovician rocks of central Kentucky was long ago suspected 
by Foerste (1912, p. 22), who had earlier introduced many of the Ohio 
and Indiana names into Kentucky: 

Owing to the considerable lithological and accompanying faunal differences 
between the Cincinnatian strata as exposed in Ohio and Indiana, and their 
approximate stratigraphical equivalents in central Kentucky, it may prove con­
venient, locally, to recognize only the greater subdivisions of the Cincinnatian 
strata, as proposed at the typical section, at Cincinnati, Ohio, and to adopt a 
somewhat different set of subdivisions southward. 

The following names of Stratigraphic units whose type localities are 
in Ohio and Indiana and which have been applied to units in central 
Kentucky (fig. 3) are inappropriate for the Upper Ordovician litho-
logic divisions in south-central Kentucky: Fairview, Fairmount, Mc­
Millan, Mount Auburn, Arnheim, Oregonia, Waynesville, Whitewater, 
and Liberty. To this list is added the name Sunset, applied to a unit 
whose type locality is in northeast-central Kentucky. These names 
have been used for stratigraphic units whose limits are defined by their 
fossils or whose typical lithology is not present in south-central Ken­
tucky. The names Garrard, Tate, and Gilbert are retained for rock-
stratigraphic units whose type localities are in south-central Ken­
tucky ; these units are more fully defined later in this report. 

The strata in the south-central part of the State are divided into 
lithologically distinct formations and members chiefly on the basis of 
contrasts between mudstone and limestone. The proposed nomencla­
ture (fig. 3) includes three formations that are defined in this paper; 
these are, in ascending order, the Calloway Creek Limestone, and 
Ashlock and Drakes Formations. The type sections of these forma­
tions are described in measured sections 1 (p. D20), 2b (p. D24), 
and 3a (p. D30). 
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This report is based in large part on the geological mapping of 
Kentucky being conducted by the U.S. Geological Survey in coopera­
tion with the Kentucky Geological Survey. Areas not currently being 
mapped were studied by the writers chiefly in late 1963 and early 1964. 
Of special help was the information contributed by E. R. Cressman, 
J. L. Gualtieri, W. L. Peterson, and F. A. Schilling, all of the U.S. 
Geological Survey. 

GARRARD SILTSTONE 

The Garrard Siltstone ^ (Campbell, 1898; Nosow and McFarlan, 
1960, p. 43) underlies the Calloway Creek Limestone. The Garrard, 
named for Garrard County, Ky., is chiefly limy siltstone and minor 
mudstone and limestone. The siltstone is gray and very limy where 
fresh, but in most outcrops it is weathered yellowish brown where much 
of the carbonate has been leached out. Most beds are 6 to 24 inches 
thick; thicker beds are commonly contorted. Many of the beds are 
obscurely laminated. The interbedded mudstone and limestone are 
mostly in lenses a few inches thick and a few feet to a few tens of feet 
long. Fossils are sparse except for brachiopods in sporadic lenses of 
limestone. The Garrard Siltstone is a moderately resistant unit that 
is about 10 to 100 feet thick in the area between Danville and Mount 
Sterling. 

CALLOWAY CREEK LIMESTONE 

The Calloway Creek Limestone is here named for Calloway Creek 
in north-central Madison County, Ky. The type section (measured 
section 1, p. D20) was described from roadcuts of Interstate Highway 
75, beginning about 0.4 mile south of the Kentucky River and extend­
ing southward to a point 0.6 mile north of Kentucky Highway 388 
(fig. 4). 

The Calloway Creek Limestone is composed chiefly of limestone 
with interbedded shale and minor siltstone. The characteristic appear­
ance of the formation in fresh cuts is shown in figure 5. Limestone, 
which makes up about 70 to 80 percent of the formation, is mostly gray, 
fine to medium grained, and in uneven beds 0.1 to 0.3 feet thick. 
Greenish-gray limy shale makes up about 15 to 25 percent of the for­
mation and is interbedded with the limestone as partings or seams and, 
near the base, as thin sets as much as 0.5 feet thick. Limy siltstone 

iThe Paint Lick Bed of Foerste (1906, p. 212), probably named for outcrops near the 
village of Paint Lick In Garrard County, was said to be the lower, more massive part of the 
Garrard (Foerste, 1909, p. 293,, and 1912, p. 17, 49 ; McFarlan, 1943, p. 24 ; Nosow and 
McFarlan, 1960, p. 43). Mapping of the Garrard Siltstone In Garrard County and near 
Paint Lick shows no extensive divisions of the Garrard. The original definition of the 
Garrard by Campbell (1898), though generalized. Is useful. The name Paint Lick is a 
later synonym of Garrard and is not used In this report. 
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FIGURE 4.—Location of type section of the Galloway 
Creek Limestone, Madison County, Ky. 
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FIGTJEE 5.—Characteristic interbedding of granular limestone with seams and 
partings of shale near middle of the Calloway Creek Limestone. Type section 
of the Calloway Creek Limestone (measured section 1), roadcut on southbound 
lanes of Interstate Highway 75 about 1.5 miles south of the Kentucky River 
in Madison County, Ky. 

makes up about 5 percent of the Calloway Creek and is in even beds 
less than 0.5 feet thick which are intercalated with shale and limestone 
in the lower third of the formation. The siltstone is gray to greenish 
gray, weathers yellowish brown, and resembles siltstone in the Garrard 
Siltstone. The formation is very fossiliferous. Brachiopods and 
bryozoans are the most abundant and conspicuous megafossils. 

CONTACTS 

The Calloway Creek Limestone is transitional with the underlying 
Garrard Siltstone and the overlying Ashlock Formation. The lower 
contact is placed so that all relatively persistent beds of limestone are 
included in the Calloway Creek. The contact generally lies above all 
siltstone beds more than 0.5 feet thick. The upper contact is placed so 
as to separate muddy limestone of the Calloway Creek from limy mud-
stone of the Ashlock. 

EXTENT, THICKNESS, AND PROBABLE CORRELATIVES 

The Calloway Creek Limestone has been mapped in Garrard and 
Madison Counties and has been recognized in sections from near Stan-
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ford to near Mount Sterling, The formation is about 125 feet thick 
at its type locality and ranges from about 80 to 130 feet in thickness. 
Previous workers have correlated the beds here included in the Callo­
way Creek Limestone with the Fairmount Limestone Member of the 
Fairview Formation of the Cincinnati, area (McFaiian and Goodwin, 
1930). 

ASHLOCK FORMATION 

The Ashlock Formation is here named for the Ashlock Cemetery 
near U.S. Highway 27 about 0.1 mile north of the Dix Eiver in north­
eastern Lincoln County, Ky. The type section (measured section 2b, 
p. D24) was described from outcrops along the north bank of the 
Dix River and in roadcuts of U.S. Highway 27 north of the river 
(fig. 6). 

The lower part of the Ashlock Formation is chiefly limy and dolo-
rnitic mudstone; the middle part is chiefly limestone and argillaceous 
limestone; and the upper part is greenish-gray unfossiliferous limy 
and dolomitic mudstone overlain by gray thin-bedded fossilifSrous 
silty, granular limestone. Southwest of Richmond the formation is 
divisible into five members, which are in ascending order, the Tate, 
Gilbert, Stingy Creek, Terrill, and Reba Members. 

Lines of section.(chevrons 
point stratigraphically upward) 

2a 

Dix 

1000 
i_ij 

FIGURE 6.—Locations of type (2b) and reference (2a) sections of the Ashlock 
Formation, Lincoln County, Ky. 
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TATE MEMBER 

The Tate Member, here designated as the basal member of the Ash-
lock Formation, was originally described as the Tate "layer" (Foerste, 
1906, p. 212), later as the Tate Member of the McMillan Formation 
(Foerste, 1912, p. 48). It was probaibly named for outcrops along 
Tate Creek about 3 miles northwest of Kichmond, Ky. Foerste (1912, 
p. 48) stated that the Tate was typically exposed in Madison County, 
but he did not describe a type section. The description for the Tate 
Member at the A^hlock Cemetery section (measured section 2b, p. D25) 
is representative of the lithology of the member. 

The Tate Member is chiefly greenish-gray laminated to thin-bedded 
sparsely glauconitic, limy to dolomitic mudstone commonly grading 
at the top to argillaceous limestone (flg. 7). Purplish-gray medium-
grained limestone, similar to limestone in the overlying Gilbert Mem­
ber, occurs as a locally conspicuous unit, a few feet thick, about 10 
to 15 feet below the top of the Tate. 

About 5 to 15 feet above the base of the Tate is a persistent set, about 
4 to 8 feet thick, of thin beds of olive-gray fine- to coarse-grained silty 
limestone containing silicified large brachiopods and bryo^oans. This 

FI&TJKE 7.—Characteristic appearance in fresh cuts of the Tate Member (Oat), 
Gilbert Member (Gag), and Stingy Creek Member (Gas) of the Ashlock 
Formation. Type section of the Ashlock Formation, east side of U.S. High­
way 27 about 0.5 mile north of the Dix River in Lincoln County, Ky. (See 
measured section 2b for description of units.) 
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unit, shown in figure 8, is a useful marker bed in south-central Ken­
tucky and is here named the Back Bed of the Tate Member for rep­
resentative outcrops along Back Creek in central Garrard County; 
the outcrop described in the Ashlock Cemetery section (measured sec­
tion 2b, p. D26) is typical. 

FIGTJEE 8.—Back Bed (below pick) of the Tate Member of the Ashlock Forma­
tion. Back Bed is light-gray fossiliferous limestone; rest of the Tate Mem­
ber is chiefly greenish-gray limy mudstone. Roadcut on turnoflf to Kentucky 
Highway 388 from northbound lanes of Interstate Highway 75, Madison 
County, Ky. 
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The Tate Member generally forms a moderate slope with light-
colored platy fragments of miidstone. At the base of the member and 
just above the Back Bed many of the fragments are of silicified mud-
stone. The Back Bed and locally a few limy units in the upper part 
of the member form minor ledges. The member contains few mega-
fossils except for brachiopods and bryozoans in the Back Bed. 

The Tate Member south of the Kentucky Kiver ranges from about 
30 to 80 feet in thickness. Its maximum known thickness is near Lan­
caster ; north and northeast of Eichmond the upper part of the mem­
ber grades to limestone and merges with an unnamed argillaceous and 
granular limestone member of the middle part of the Ashlock Forma­
tion. The Tate, including the Back Bed, has been identified in out­
crops as far north as Momit Sterling. 

GILBEBT MEMBEB 

The Gilbert Member, here assigned to the Ashlock Formation, was 
named by Foerste (1912, p. 18, 23), probably for the village of Gilbert 
or for Gilberts Creek in northeastern Lincoln County, Ky. The mem­
ber was sketchily defined by Foei-ste, but as used near Gilberts Creek 
by McFarlan and others (1927) and by McFarlan (1929) the name ap­
plies to a thin resistant sequence of limestone with partings of limy 
siltstone. The outcrop shown in figure 7 at the Ashlock Cemetery sec­
tion .(measured section 2b, p. D25) about 1 mile west of Gilbert is typi­
cal of the Gilbert Member. The limestone is bluish to olive gray, 
aphanitic to medium grained, and in crinkly beds a few inches thick. 
Gray limy siltstone occurs as partings and seams less than 1 inch thick. 
The member contains abundant iwell-preserved megafossils, chiefly 
brachiopods and bryozoans. The mem'ber is about 15 feet thick near 
Gilbert and ranges from about 10 to 20 feet in thickness. North and 
northeast of Richmond the Gilbert loses its identity as it grades later­
ally into an unnamed unit of nonresistant argillaceous and granular 
limestone. 

STINGY CREEK MEMBER 

The Stingy Creek Member of the Ashlock Formation is here named 
for representative outcrops of silty limestone and limy siltstone in road-
cuts of Kentucky Highway 39 near Stingy Creek; the outcrop shown in 
figure 7 at the Ashlock Cemetery section (measured section 2b, p. 1)25) 
is typical. The limestone is chiefly medium light gray, fine to medium 
grained, and silty. It is obscurely thin bedded, partly in lenticles 
about an inch thick and a few inches long, and contains abundant 
brachiopods and bryozoans. The limy siltstone is chiefly light bluish 
gray and is gradational with the limestone with which it is interbedded. 
The Stingy Creek Member ranges from about 5 to 15 feet in thickness. 
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Northeast of Richmond it cannot be separated from the underlying 
part of the Ashlock Formation. 

The Stingy Creek Member is transitional for a few feet with the 
overlying Terrill Member. The contact separates rock that is domi-
nantly limestone from that above which is mainly mudstone. 

TEKBILL MEMBER 

The Terrill Member is here named for outcrops near the settlement 
of Terrill, 4 miles south of Richmond. The type section of the member 
(measured section 2c, p. D28) is well exposed along Kentucky High­
way 52 about 2 miles east of Richmond; the Ashlock Cemetery section 
(measured section 2b, p. D24) contains representative ontcrops. 

The Terrill is mainly composed of greenish-gray laminated limy or 
dolomitic mudstone as shown in figure 9. Weathered outcrops of the 
mudstone yield abundant small platy fragments. Many bedding sur­
faces are covered by ripple marks or mud cracks. The basal few feet 
of the member is a limy silty mudstone lacking distinct bedding. The 
member contains few megafossils. Bryozoans and brachiopods occur 
sparsely in the basal mudstone; and, locally, small chertified stromat­
olites occur near the top of the mem'ber. The Terrill Member ranges 
from about 5 to 15 feet in thickness and has been recognized in sections 
from near Stanford to near Winchester. 

REBA MEMBER 

The Reba Member is here named for its typical outcrops near Lake 
Reba on Kentucky Highway 52 about 2 miles east of Richmond (meas­
ured section 2c, p. D28); the Ashlock Cemetery section contains repre­
sentative outcrops (measured section 2b, p. D24). The Reba Member 
is composed of micrograined limestone at the base, overlain by more 
or less silty, medium-grained limestone that at the top commonly 
grades into argillaceous limestone, as shown in figure 10. Limestone in 
the lower 2 to 6 feet of the member is commonly in ledge-forming beds 
as much as a foot thick, characteristically gray to grayish green, and 
aphanitic and micrograined to very fine grained; this limestone gen­
erally lacks megafossils but contains sparse ostracodes and abundant 
cylindrical markings a few millimeters across and a few centimeters 
long. Most of the limestone is fine to medium grained, has silty patches 
and partings, and is in uneven beds a few inches thick. Bedding is less 
distinct near the top where the limestone is more silty. . The fine- to 
medium-grained limestone and argillaceous limestone contain abundant 
fossils, chiefly bryozoans and brachiopods. The member ranges from 
about 10 to 25 feet in thickness and has been recognized in sections from 
near Stanford to near Winchester. 

i7'77-052 0^65 3 
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FIGURE 9.—Terrill and Reba Members of the Ashlock Formation. Below pick is 
greenish-gray laminated mndstone of the Terrill Member. Above pick is the 
Reba Member; at the base about 3 feet of micrograined limestone grading above 
to medium-grained limestone and silty limestone. Type section of the Ashlock 
Formation, U.S. Highway 27, about 3 miles south of Lancaster, Ky. (See meas­
ured section 2b for additional description of units.) 
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FIGURE 10.—Contact between the Reba Member of the A.shlock Formation and the 
Rowland Member of the Drakes Formation. Contact at pick head; silty lime­
stone of the Reba Member below pick; transitional hackly weathering limy 
mudstone at pick assigned to the Rowland Member, platy-weathering limy mud-
stone about 1 foot above pick, characteristic of the Rowland Member. Lake 
Reba section about 2 miles east of Richmond, Madison County, Ky. (See 
measured section 2c for additional description of units.) 
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UPPER CONTACT 

The lithologies of the Ashlock Formation and overlying Drakes 
Formation are transitional for several feet. As shown in figure 10 
and described in measured sections 2b (p. D24), 2c (p. D28), and 3b 
(ip. D33), the upper part of the Keba Member of the Ashlock Forma­
tion is fossiliferous argillaceous limestone. In many places the top 
few inches of the Keba is made up of hackly weathering limy mudstone 
with partings and lenticles of fossiliferous limestone; above it is similar 
mudstone but without the limestone lenticles. The top of mudstone 
containing limestone lenticles or, where this mudstone is absent, the 
top of argillaceous limestone is the upper contact of the Ashlock For-
mation. Limy mudstone above the contact is hackly weathering for a 
thickness of a few inches to a few feet and is gradationally or sharply 
overlain by platy weathering mudstone characteristic of the Rowland 
Member of the Drakes Formation. 

EXTENT, THICKNESS, AND PROBABLE CORRELATIVES 

The Ashlock Formation has been mapped in parts of Lincoln, Gar­
rard, Madison, Estill, and Clark Counties and has been recognized 
in sections from near Stanford to near Mount Sterling. It ranges 
from about 125 to 145 feet in thickness. 

Previous workers have correlated the beds here included in the 
Ashlock Formation with the McMillan and Amheim Formations 
of Ohio (Palmquist and Hall, 1961, pi. 1). The Tate and Gilbert 
Members together were correlated with the Bellevue and Corryville 
Members of the McMillan, and the unit here named the Stingy Creek 
Member of the Ashlock was correlated with the Mount Auburn Shale 
Member of the McMillan (Nosow and McFarlan, 1960, p. 45, 46). 
Most of what is here called the Terrill Member has been referred to 
the Sunset Member of Foerste (1910) of the Arnheim, and most of 
what is here called the Keba Member has. been referred to the Ore-
gonia Member of Foerste (1910) of the Amheim (McFarlan and 
Goodwin, 1930; Nosow and McFarlan, 1960, p. 47). 

DRAKES FORMATION 

The Drakes Formation is here named for Drakes Creek in southern 
Garrard County. The type section (measured section 3a, p. D30) 
was described from outcrops along and near a dirt road connecting 
Preachersville and Cartersville, beginning near the East Fork of 
Drakes Creek (fig. 11). 

The Drakes Formation is divisible into two members, the Rowland 
Member below and the Preachersville Member above. 
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-V. 

FIGXJKE 11.—Location of type section (3a) of the Drakes Foi-mation, Garrard 
County, Ky. 

ROWLAND MEMBER 

The Rowland Member is here named for typical outcrops 1.3 
miles west of Rowland on U.S. Highway 27 on the outskirts of Stan­
ford, Ky. (measured section 3b, p. D32). It is chiefly composed of 
grayish-green dolomitic or limy, sparsely glauconitic silty mudstone 
(fig. 10). The mudstone is obscurely bedded in fresh roadcuts but 
weathers readily to platy fragments a fraction of an inch thick and 
a few inches across. Many bedding surfaces are covered by ripple 
marks or mud cracks. Megafossils are absent or very sparse. The 
member is nonresistant, crops out poorly, and forms smooth slopes. 
The Rowland Member ranges from about 40 to 60 feet in thickness 
and has been recognized in sections from near Stanford to near 
Winchester. 
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PBEACHERSVILLE MEMBER 

The Preachersville Member is here named for typical outcrops ex­
posed on Kentucky Highway 39 about 2 miles southeast of Preachers­
ville, Ky. (measured section 3c, p. D33.) It is similar to the Rowland 
Member but contains 10 to 20 percent argillaceous, fine-grained dolo­
mite or dolomitic limestone in resistant beds, a few inches to a few feet >-
thick (fig. 12); commonly, the thicker beds are near the base of the 
member. Some of the dolomitic beds contain abundant poorly pre­
served bryozoans and sparse brachiopods. Because the dolomite beds y 
are fairly resistant, the member has a much more ledgy outcrop than 
the underlying Rowland Member. In part of northern Madison 
County, and more sporadically in Lincoln County, the base of the 
member is marked by as much as 6 feet of fossiliferous limestone 
containing abundant colonial corals and stromatoporoids. The 
Preachersville Member ranges from 55 to 95 feet in thickness and has 
been recognized in sections from near Stanford to near Mount 
Sterling. 

UPPER CONTACT 

In most of south-central Kentucky the Drakes Formation is in . 
sharp contact with the overlying Brassfield Dolomite of Early Silu- v 
rian age. The basal few feet of the Brassfield is commonly silty 
dolomite with streaks and patches of yellowish-gray mudstone derived 
from the underlying Drakes. Exceptionally, as 1 mile north of Berea 
on U.S. Highway 25, the basal few feet of the Brassfield is breccia 
containing fragments, as much as 4 inches across, of dolomitic mud-
stone derived from the Drakes Formation. In parts of south-central 
Kentucky, as near Stanford, Silurian rocks are missing, and the 
Drakes is unconformably overlain by the Boyle Limestone or New 
Albany Shale of Devonian age. 

EXTENT, THICKNESS, AND PROBABLE CORRELATIVES < 

The Drakes Formation has been mapped in parts of Lincoln, Gar- ^ 
rard, Clark, Madison, and Estill Counties and has been recognized 
in exposures from near Stanford to near Winchester. The formation 
is uncommonly well displayed in cuts along the Louisville and Nash­
ville Railroad south of Agawam about 6 miles southeast of Win-
Chester. The Drakes ranges from about 120 to 150 feet in thickness. 
The beds here included in the Rowland Member of the Drakes For­
mation were correlated with the Waynesville Limestone of Ohio, and 
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the beds in the Preachersville Member of the Drakes were correlated 
with the Whitewater and Liberty Formations of Ohio and Indiana 
(Palmquist and Hall, 1961, pi. 1). 

- T' 

FIGURE 12.—Charaeterlsbic outcrop of the Preachersville Member of the Drakes 
Formation, showing' interbedded ledgy fine-grained limy dolomite and hackly 
weathering limy and dolomitic mudstone. Roadcut on east side of U.S. High­
way 27, about 2 miles south of Stanford, Lincoln County, Ky. 
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MEASURED SECTIONS ^ 

SECTION 1,—Calloway Creek 

[Type section of the Calloway Creek Limestone; reference section of the Garrard Silt-
stone. Section measured in roadcuts along Interstate Highway 75 starting 0.4 mile 
south of the bridge over the Kentucky River and continuing southward for about 2 , 
miles to a point 0.6 mile north of the Kentucky Highway 388 (Boonesboro road) 
overpass over Interstate 75, Madison County, Ky. (Richmond North and Ford quad-
rangles). (See fig. 4.) Measured with Jacob staff, Abney level, and tape by G. C. 
Simmons and P. E. Cassity, June 1963] ^ 

Ashlock Formation (incomplete) : (, 
Tate Member (incomplete) : Thickness 

12. Limestone, not measured. (feet) 
11. Shale, medium-gray (^4)^ weathering grayish-green 

(50 6/2) 9.0 
Calloway Creek Limestone: 

10. Limestone, medium-gray (iV^S), medium-grained; in uneven 
beds mostly 0.2 to 0.3 ft thick but as much as 1.0 ft thick. 
Contains numerous inclusions, partings, and a few seams, 
as much as 0.1 ft thick, of greenish-gray (5GY 6/1 and 50 
6/1) shale. Upper 5 ft very argillaceous and grades into 
overlying shale of Tate Member of Ashlock Formation. 
Abundant fossils including brachiopods and bryozoans 15. 8 

9. Limestone (75 percent) interbedded with shale (25 percent). 
Limestone is medium gray (N5), medium grained, in uneven 
beds as much as 0.5 ft thick; numerous greenish-gray ar­
gillaceous inclusions. Shale is medium light gray (^6) 
to greenish gray (50 6/1), limy, in partings and beds as 
much as 0.2 ft thick. Abundant brachiopods and 
bryozoans ... 13.1 

8. Limestone (70 percent) interbedded with shale (30 percent). 
Two varieties of limestone are present. The more abundant 
limestone is medium light gray (NQ) to medium dark gray 
(iV^4), finely mottled with white, very fine to medium 
grained; abundant greenish-gray argillaceous inclusions; 
fossiliferous. The less abundant limestone is medium dark 
gray (Ni), very fine grained ; fossils sparse. Both varieties 
of limestone are in uneven beds which average 0.2 ft in 
thickness and reach a maximum thickness of 0.5 ft. Shale 
is medium gray (N5) to greenish gray (5G 6/1), limy, in 
beds as much as 0.2 ft thick. Abundant fossils, especially 
brachiopods and bryozoans 21.4 

7. Limestone (80 percent) interbedded with shale (20 percent). 
Limestone is medium gray (A^5) to medium dark gray (N4), 
fine grained, in uneven beds 0.1 to 1.5 ft thick. Numerous 
greenish-gray argillaceous inclusions and partings. Shale 
is greenish gray (50 6/1), limy. Abundant brachiopods 
and bryozoans 12.1 

•Color names with numbers based on color chart by Goddard and others (1948). 
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SECTION 1.—Calloway Creek,—Oomfciuued 
Thickness 

Calloway Creek Limestone—Continued Ueet) 
/ 6. Limestone (60 percent) interbedded with siltstone (20 per­

cent) , and shale (20 percent). Limestone is light gray (iV^T) 
to medium dark gray (N4), light shades predominating, fine 
to medium grained, in uneven beds 0.3 to 0.4 ft thick. Nu-

^ merous greenish-gray argillaceous and silty inclusions and 
partings. Siltstone is greenish gray (5Cr 6/1), limy, in beds 

^ as much as 0.3 ft thick. Shale is greenish gray (5G 6/1), 
j limy, in beds 0.1 to 0.2 ft thick. Abundant fossils, chiefly 

in limestone, include brachiopods, bryozoans, and sparse 
crinoid columnals; many fossils are fragmental 24. 3 

5. Limestone (60 percent) interbedded with shale (40 percent). 
''N Limestone is light gray (N7) to medium dark gray (N4), 

lighter shades predominating, very fine to medium grained, 
in uneven beds as much as 1.0 ft thick. Abundant greenish-
gray argillaceous inclusions. Shale is medium light gray 
(A6) to grayish green (5G 6/1), limy, in part silty, in beds 
as much as 0.5 ft thick. Abundant brachiopods and 
bryozoans 13.9 

V 4. Limestone (50 percent) interbedded with siltstone (25 per­
cent) and shale (25 percent). Limestone is medium light 
gray (A6) to medium dark gray (A4) and greenish gray 

J (5G 6/1), fine to medium grained, in uneven beds as much as 
0.5 ft thick. Siltstone is greenish gray {^OY 6/1) and 
weathers to dark yellowish brown {lOYR 4/2) and dusky 
yellowish brown {lOYR 2/2). Siltstone layers increase in 
number and in thickness toward the base of the unit; beds 
from less than 0.1 ft thick near the top to 0.5 ft thick near 
the base. Shale is medium light gray (A6) to grayi.sh green, 

^ limy, in beds as much as 0.4 ft thick. Abundant fossils, 
mostly brachiopods. 

J NOTE.—This interval is not completely exposed in the line 
of the measured section. Description is partly taken- from 
exposures on a tributary to Smith Fork of Calloway Creek 
about 1,000 ft to the east of Interstate Highway 75 22.9 

Total Calloway Creek Limestone 123. 5 
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SECTION 1.—Calloway Creek—^Comfcinued 
Thickness 

Garrard Siltstone: (/eet) 
3. Siltstone (95 percent) interbedded with shale (5 percent). 

Siltstone is light greenish gray (SGF 7/1) ; weathers pale 
yellowish brown (lOYi? 4/2) to dusky yellowish brown 
(IOYR: 2/2) in natural exposures. The fresher rock con­
tains abundant interstitial calcium carbonate making up as 
much as 25 percent of the rock. The more weathered dark-
to dusky-yellowish-brown rock is not calcareous, has lighter 
.specific gravity, and is punky. Beds are 0.3 to 3 ft thick ; in 
general, the thicker beds occur toward the base of the unit; 
some beds are contorted. Shale is greenish gray (5GY 6/1) 
in partings and beds as much as 0.2 ft thick. Unit con­
tains less than 5 percent limestone in thin lenses as much 
as 10 ft long and 0.2 ft thick; lime.stone is very light gray 
(jV8) to medium gray (N5) and contains flakes and inclu­
sions of siltstone and shale; moderately fossiliferous, 
chiefly brachiopods 12. 3 

2. Siltstone, light-greenish-gray (5GY 7/1), weathering pale-
yellowish-brown (lOY/2 6/2). Where more intensely weath­
ered is dark yellowish brown (10 ^Ti 4/2) to dusky yellow­
ish brown (IdYR 2/2). Calcareous where not intensely 
weathered. Siltstone beds 0.3 to 8 ft thick with thicker 
beds toward base. Beds locally separated by thin shaly 
partings; a few beds in the lower 10 ft contain limestone 
stringers. Contorted beds common, characterized by flow 
rolls, rounded masses with complexly curved internal lay­
ering. Base gradational with limestone, shale, and siltstone 
of underlying unit; contact placed at top of highest persist­
ent limestone bed of underlying formation; basal bed of 
Garrard is as much as 8 ft thick 21. 7 

Total Garrard Silstone 34. 0 
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SECTION 2a.—Ashlock Cemetery West 

[Reference section of the Ashlock Formation showing basal unit of the Ashlock Formation. 
Section measured along north bank of Dix River beginning 0.8 mile west of U.S. High­
way 27, about 4 miles north of Stanford, Lincoln County, Ky. (Standford quadrangle). 
(See fig. 6.) Measured with Jacob staff and tape by G. W. Weir and J. C. Dills. 
October 1962.] 

Ashlock Formation (incomplete) : Thickness 
Tate Member (incomplete) : (feet) 

5. Mudstone, limy and silty, greenish-gray {5GY 7/1), weath­
ering grecnish-gray {50Y 6/1) ; contains common to 
abundant flakes, 2 to 10 mm across, of bright-green clay 
mineral (glauconite?). Laminated to very thin bedded, 
0.05 to 0.5 in. thick; smooth bedding surfaces; sparse irregu­
lar ripple marks about 27 ft above base; yields platy frag­
ments 1 to 4 in. across; no raegafossils. Thickness given 
is top of good outcrop; rest of Ashlock Formation is mostly 
covered. (See measured section 2b, p. D24.) 34. 0 

4. Limestone, light-gray (N7) to yellowish-gray (5Y 8/1), very 
flne grained, silty to coarse-grained. Partly in very thick 
sets with obscure bedding and partly in thin sets 1 to 2 ft 
thick with obscure layering a few inches thick; several limy 
shale partings, most conspicuous one is about 1 ft below 
top. Fossils common, chiefly large brachiopods, in part 
siiicifled. This unit is the Back Bed of the Tate Member, 
same as unit 2 of Ashlock Cemetery section 4. 7 

3. Mudstone, limy (95 percent) and silty limestone (5 percent). 
Limy mudstone is chiefly yellowish gray (5y 7/2), laminated 
to very thinly bedded (0.05 to 1.0 in. thick) ; yields platy frag­
ments ; forms steep slope; common flne- to medium-sized 
fo.ssil fragments, large bryozoans common about 3 to 4 ft 
above base. Silty limestone is yellowish gray to pale yel­
lowish brown (lOF/S 6/2), very flne grained; sparse 
brachiopods; forms rough to smooth rounded ledge; occurs 
as single bed 0.5 ft thick, 5.5 ft below top of unit 11. 6 

Measured Ashlock Formation (incomplete) 50.3 

^ Calloway Creek Limestone (incomplete) : 
2. Limestone (90 percent) and limy shale (10 percent). Lime­

stone is light gray (ATT), chiefly fine to very fine grained and 
silty; becomes more silty upward, top 1 ft argillaceous and 
shaly weathering; in fairly even to slightly wavy beds 2 to 
4 in. thick. Interbedded with 1- to 3-in. thick irregular 
seams of limy and silty shale containing lenticles and part-
ings of limestone. Contact with overlying limy mudstone 
fairly sharp 9.0 

^ 1. Limestone (90 percent) and limy shale (10 percent), light-
gray (NT) to medium-gray (A5), chiefly very flne grained 

^ to fine-grained and argillaceous, in uneven beds, commonly 
1 to 4 in. thick. • Fossils common, chiefly brachiopods. 
Partly covered; base of local exposure along road 8. 5 

Measured Calloway Creek Limestone (incomplete) 17.5 
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SECTION 2b.—Ashlock Cemetery 

[Type section of the Ashloek Formation and of the Gilbert and Stingy Creek Members of 
the Ashloek Formation and of the Back Bed of the Tate Member of the Ashloek 
Formation. Measured chiefly along U.S. Highway 27 beginning at Dix River beneath 
bridge just west of mouth of Gilberts Creek and about 500 ft southwest of Ashloek 
Cemetery, Lincoln County, Ky., about 4 miles northeast of Stanford and 1 mile west of 
Gilbert (Lancaster quadrangle). (See fig. 6.) Measured with Jacob staff and tape 
by G. W. Weir and R. C. Greene, November 1961] y 

Drakes Formation (incomplete) ; Thickness 
Rowland Member (incomplete) : (/eet) ^ 

15. Mudstone, limy and cherty, weathered to yellowish soil con­
taining rectangular plates, 2 to 4 in. across, of white cherty 
shale weathering brownish gray and chips of grasdsh-
yellow (5Y 8/4) limy and silty shale; unfossiliferous. ^ 
Basal contact poorly exposed. Not measured; about 5 ft 
present; top of local exposure. Units 14b and 15 described 
from outcrops along abandoned road east of third roadcut 
north of Dix River. < 

Ashloek Formation: 
Reba Member: 

14b. Limestone (50 percent) and silty limestone (50 percent). 
Limestone is greenish gray (50Y 6/1) to light olive gray 
(5y 6/1) ; weathered rock is about same colors; fossils 
common to abundant, chiefly brachiopods and bryozoans; 
mostly in thin beds % to 2 in. thick and interbedded with ' 
silty limestone. Silty limestone is light greenish gray {5GY 
6/1) ; weathered rock is same color and grayish yellow 
orange (lOYR 8/6) ; in beds less than 2 in. thick; poor 
fissility; brachiopods and bryozoans common to abundant. 
At top is a few inches of greenish-gray (5GY 6/1) limy ^ 
mudstone with partings of limestone; contains abundant 
small bryozoans. Whole unit forms steep rubbly, fossil- ^ 
strewn slope in third roadcut north of bridge 12. 4 ' 

14a. Limestone, light-olive-gray (5Y 6/1), aphanitic to micro- \ 
grained; mostly in even beds 2 to 4 in. thick; abundant 
cylindrical markings about % in. in diameter and 1 to 2 in. 
long perpendicular to bedding, no megafossils. Resistant, ^ 
forms projecting ledge. Transitional with coarser grained 
limestone above; top rather arbitrary. Units 11 through ^ 
14a described from east side of third roadcut north of the 
Dix River 2. 6 

'k* 

Total Reba Member 15.0 

Terrill Member: 
13. Mudstone, limy and silty, moderate-olive (lOY 7/2) ; upper 

part more limy than near base, very thin bedded, fissile along 
bedding; unfossiliferous except for sparse silicified stromato­
lites at top; in natural outcrops forms low slope littered with 
platy fragments. Upper 1 ft more limy, somewhat grada-
tional into Reba Member; upper contact placed at conspicu­
ous parting plane below first thick limestone bed of unit 14a-- 10. 3 
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^ SECTION 2b.—Ashlock Cemetery—Continued 

A,shlock Formation—Continued Thickness 
J Terrill Member—Continued (/eet) 

12. Mudstone, silty and sandy, greenish-gray (5CrY 6/1) and 
light-greenish-gray (5GY 7/1) ; weathered rock is same colors ; 
noticeable color contrast with underlying unit; much very fine 
sand admixed with silt; forms blocky ledge with irregular 
partings becoming more regular and very thin bedded upward ; 

^ sparse large cylindrical bryozoans 1. 3 
11. Mudstone, silty and limy, medium-greenish-gray (5CrY 5/1) ; 

a single bed with a hackly surface due to irregular fractures; 
sparsely fossiliferous, contains a few brachiopods and bryo­
zoans 1- 2 

Total Terrill Member 12. 8 

Stingy Creek Member: 
^ 10. Siltstone, limy (50 percent) and limestone (50 percent). Silt-

stone is dusky yellow (5Y 6/4), light bluish gray (5B 7/1), 
and moderately yellowish brown (lOY 5/4) ; limy, grading to 

y silty limestone; very poor fissility. Limestone is medium 
light gray (NQ) ; medium to coarse grained and silty; mostly in 
lumpy beds less than 3 in. thick. Limestone is about equal 
to siltstone in lower part of unit but less abundant and in more 
widely spaced beds in upper part. Whole unit very fossilifer­
ous, contains chiefly brachiopods and bryozoans ; less resistant 
than underlying unit; forms fossil-strewn slopes. Units 9 and 
10 described from second roadcut north of the Dix River 14. 2 

Total Stingy Creek Member 14. 2 

Gilbert Member: 
9. Limestone with partings of limy siltstone, bluish-gray (5R 

6/1), and light-olive-gray (5Y 6/1), weathering grayish-
orange-brown (lOYi? 7/2), mostly fine grained, in part 
aphanitic; siltstone mostly in partings, less than 1 in. thick, 
in crinkly bedding planes that are a few inches apart. Abund­
ant fossils, chiefly brachiopods and bryozoans; also scattered 
gastropods, cephalopods, and crinoid fragments; fossils are 
locally silicified 15. 5 

Total Gilbert Member 15. 5 

Tate Member (incomplete) ; 
8. Mudstone, silty, grading upward to argillaceous limestone. 

Silty mudstone is yellowish gray (5Y 7/2) ; contains much 
coarse silt; very limy with clusters of white calcite crystals. 

. Argillaceous limestone is yellowish gray (5Y 7/2) and light 
olive gray (5Y 6/1), medium and fine grained. Unit is in 
even beds 6 to 12 in. thick, forms smooth rounded ledges, and 
contains sparse brachiopods and bryozoans. Units 6, 7, and 
8 described from first roadcut north of Dix River 11. 0 
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SECTION 2b.—Ashlock Cemetery—Continued 

Ashlock Formation—Continued Thickness 
Tate Member (incomplete)—Continued (/eef) 

7. Limestone, purplish-gray (5P 6/1) to medium-light-gray 
(A'^G), medium- to coarse-grained; small clusters and vugs of 
white coarsely crystalline calcite; beds 2 to 4 in. thick with 
crinkly surfaces separated by partings, less than 1 in. thick, 
of silty limestone that weather to knobby ledges; common 
brachiopods and bryozoans. Unit is similar to Gilbert Mem- ' 
ber, unit 9 above. Forms conspicuous dark band in fresh cuts. 2. 5 | 

6. Mudstone, limy and silty (60 percent), and silty limestone 
(40 percent). Unit is greenish gray (SGY 6/1), weathers 
greenish gray (5G 6/1) and light olive gray (57 6/1) ; 
micrograined, fine grained and silty, purest limestone at 
base and top of unit; common to abundant scattered flakes 
of bright-green clay mineral (glauconite?), fiakes mostly 2 
to 5 mm across. Bedding planes commonly 6 in. to 2 ft ^ 
apart. Conspicuous continuous parting plane 1.8 ft below 
top; forms near-vertical cliff in fresh roadcuts, but nearby 
weathered outcrops form rounded ledges less than 1 ft thick. 
Very sparse fragments of brachiopods and bryozoans 15.1 ^ 

5. Covered. (For description of rocks in this interval see meas­
ured section 2a, p. D23, Ashlock Cemetery West.) Units 1 ^ 
through 5 measured up cliff bordering Dix River 21. 4 ; 

4. Limy mudstone (75 percent) and argillaceous limestone (25 
percent) ; both medium grained; mudstone laminae are 1 to 
25 mm thick, limestone beds about 1 in. thick in sets as much 
as 0.4 ft thick; forms steep, stepped slope littered with thin 
platy fragments 7.1 

3. Mudstone, limy, greenish-gray (5GY 7/1) ; weathered rock is -*• 
same color; in smooth laminae 1 to 20 mm thick. Scattered 
limy concretions, irregular discoidal lumps, a few inches in ! 
maximum diameter; fragments of brachiopods and bryo- v 
zoans. Sparse large (0.5-in. diam) cylindrical bryozoans 
scattered through mudstone. Unit nonresistant, forms re­
cess 3.2 

2. Limestone, light-olive-gray (57 6/1) and light-gray (N'T), / 
weathering yellowish-gray (57 7/2), very fine to medium-
grained and silty. Basal 1.3 ft consists of lenticles, 1 in. 
thick and 3 in. long, of medium-grained limestone in very 
thin bedded silty limestone matrix; very fossiliferous with 
large brachiopods. Middle 1.3 ft same as below but bedding 
less distinct. Shaly at top; fossils locally silicified; upper 
1.1 ft is thin hedded with wavy bedding planes, unfossilif-
erous. Unit is Back Bed of Tate Member 3. 7 
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^ SECTION 2b.—AsMocIc Cemetery—Continued 
f 

Ashlock Formation—Continued Thickness 
Tate Member (incomplete)—Continued (feet) 

1. Mudstone, limy and dolomitic, greenish-gray (5G 6/1), 
weathering about grayish-yellow-green {50Y 7/2) ; in 
laminae and very thin beds as much as 1/2 in. thick; forms 

' stepped cliff. About 5 ft exposed to bed of Dix River; esti­
mated total thickness based on exposures about 1 mile west of 
highway. (See measured section 2a, p. D23, for description 

\ of fully exposed unit and of contact with underlying Callo-
' way Creek Limestone.) 11.6 

Total Tate Member 75.6 
•-i = 

Total Ashlock Formation 133.1 

SECTION 2c.—Lake Reha 

[Type Section of the Terrill and Reba Members of the Ashlock Formation. Measured In 
rondcuts along Kentucky Highway 52," beginning about 2 miles east of Richmond, 
Madison County, Ky. (Moberly quadrangle).. Measured with Jacob staff and tape by 

y R. C. Greene and G. C. Simmons, December 1962 ; additional description by G. W. Weir, 
January 1964] 

Drakes Formation (incomplete) : Thickness 
> PreachersvilleMember (incomplete) : (feet) 

9. Mudstone (65 percent) and dolomitic limestone (35 percent). 
Mudstone is greenish gray (50Y 6/1) ; in even beds or sets 
of beds 1 to 6 in. thick, probably laminated in part; bedding 
generally obscure. Limesitone is dolomitic and argiUace-

^ ous, greenish gray (5GY 6/1), very fine to fine-grained; ar­
gillaceous ijatohes and streaks; in even beds, 0.2 'to 12 in. 
thick, thicker near top; makes up about 10 percent of unit 
near base, increasing to about 70 percent near top. Very 

^ sparse poorly preserved bryozoans. Thickness approxi­
mate; diifference in altitude is 26.4 ft; dip is about Vi" E. 
(approx) along line of section 30 

8. Limestone, dolomitic and in part argillaceous, very pale yel-
^ lowish brown (lOYR 7/2) and medium-dark- to medium-

light-gray (N4r-6) and greenish-gray (50Y 6/1) ; 
weathered rock is same colors, faintly mottled grayish green 
and grayish orange; very fine grained; argillaceous to 
medium grained; coarser near top; in even beds 3 to 12 in. 
thick; forms resistant ledge. Sparse poorly preserved 
bryozoans 4. 6 

Measured Preachersville Member (incomplete; approximate) 35 
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SECTION 2C.—Lake Reba—Continued 

Drakes Formation (incomplete)—Continued Thickness 
Rowland Member: (/eet) 

7. Covered 5 
6c. Mudstone, limy, light-olive- to greenish-gray (SY, SGY, 5G 

6/1) ; sparse patches of green clay mineral (glauconite?) ; 
evenly laminated to very thin bedded in sets a fraction of an 
inch to as much as 18 in. thick ; mostly splits along sets % to 
% in. thick. No fossils seen. As a whole, nonresistant but 
more resistant than underlying unit; forms minor overhang 
at base. Thickness approximate; difference in altitude is r 
28.2 ft; dip is about E. (approx) on line of section 35 

6b. Mudsitone, greenish-gray (5GY 6/1) ; bedding obscure; mostly 
nonflssile except for rough partings near top; face is coarse­
ly hackly with many small angular and curving surfaces; 
along with underlying unit forms recess. Glrades through a 
few inches into overlying unit, which unit resembles except 
for lack of bedding; basal contact sharp. No fossils seen__ 2. 3 

6a. Shale, limy, dark-greenish-gray (5GY 5/1) ; sparse glaucon­
ite ( ?) ; roughly laminated; weathered ouitcrop yields abun­
dant fine chips; nonresistant; very sparse brachiopod(?) 
fragments at base ; gradational through about 1 in. at base— . 9 

Total Rowland Member (approximate) 43 

Measured Drakes Formation (incomplete; approximate) 78 
Ashlock Formation (incomplete) : 

Reba Member: 
5. Limestone, argillaceous, light-olive- to greenish-gray (5Y-, 

5GY 5/1) ; minutely mottled with green clay mineral (glau­
conite?) ; fine grained. In even sets mostly 1 to 2 ft thick 
with obscure beds 2 to 3 in. thick. Moderately resistant; 
base locally forms minor overhang. Fossils common, mostly 
brachiopods and bryozoans 7.2 

4c. Mudstone (70 percent) and limestone (30 percent). Mud-
stone is limy, medium dark gray (A^4), roughly laminated, 
in sets 1 to 12 in. thick; no fossils seen. Limestone is me­
dium gray (F5) to dark olive gray (5Y 3/1), fine grained, 
argillaceous, in lensing beds a few inches thick, mostly in 
basal 1 ft of unit. Unit nonresistant; forms recess 2. 7 

4b. Limestone (90 percent) and mudstone (10 percent). Lime­
stone is medium gray (A^5) and dark olive gray (5Y 3/1), 
aphanitic to coarse grained but mostly medium and coarse 
grained, fossil fragmental, sparse greenish-gray glauco­
nite (?), and sparse pyrite. In even beds 2 to 12 in. thick, 
decreasing in thickness upward. Fossils common to abun­
dant, low-spired gastropods especially abundant, brachiopod 
fragments common. Mudstone is dark gray (N3), limy; 
roughly laminated as partings and thin interbeds as much as 
2 in. thick; unfossiliferous 3. 0 

H 
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SECTION 2C.—Lake Reba—Continued 

Ashlock Formation—Continued Thickness 
Reba Member—Continued (feet) 

4a. Limestone, medium-light-gray (NQ) ; mottled and streaked 
with light-gray (N7) ; aphanitic to fine-grained, mostly 
micrograined; sparse pyrite. Basal bed is 1.1 ft thick, 
overlain by sets of laminae and thin beds as much as 3 in. 
thick. Markedly resistant, base is prominent ledge. Mostly 
unfossiliferous except for sparse fragments of bryozoans and 
and brachiopods; ostracodes common in top layer; basal 
bed and some other layers characterized by fucoidal mark­
ings, nearly vertical cylinders of medium-light-gray fine­
grained material in aphanitic matrix 2.6 

Total Reba Member 15. 5 

Terrill Member; 
3. Mudstone, limy, greenish-gray (5GY 6/1 and 5G 6/1) ; mostly 

laminated and splitting smoothly along sets a fraction of an 
inch thick, but a few sets as much as 6 in. thick resemble 
unlaminated unit below; weathered outcrop yields abun­
dant, plates. Near top, 0.5 to 2.0 ft below contact, beds 
are very limy, grading toward micrograined limestone of 
overlying unit; top 0.5 ft is grayish-brown shale. Fossils 
absent except for sparse small fragments in limy beds near 
top 8. 5 

2. Mudstone, limy, light-olive- to greenish-gray (5Y-, 5GY 6/1), 
streaked and mottled with brownish-gray {5YR 4/1), 
weathering light-olive-gray to pale-olive (5Y-, lOY 6/2) ; 
sparse fine-grained, greenish glauconite( ?). A single set 
with faint irregular thin bedding, which is less distinct than 
bedding in overlying or underlying units. Weathers to an 

' irregular face with smooth curving surfaces; nonresistant, 
y forms recess. Base marked by 1 to 2 in. of dark-gray clay-

stone, mostly plastic, water saturated. Fossils sparse, a few 
small cylindrical bryozoans 2. 5 

A Total Terrill Member 11. 0 

Stingy Creek Member (incomplete) : 
1. Limestone, argillaceous, medium-gray (N5), less commonly 

olive-gray (5Y 5/1), fine-grained, silty and clayey; roughly 
laminated in obscure sets 2 to 4 in. thick. Fossils common, 
mostly brachiopods and bryozoans. Base of local exposure— 9. 5 

Measured Ashlock Formation (incomplete) , 36.0 
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SECTION 3a.—East Fork of Drakes Creek 

[Type section of the Drakes Formation. Measured about 5 miles due west of Carters-
ville and about 1 mile west of Button Lick Knob, Garrard County, Ky. Paint Lick 
quadrangle). Section begins about 500 ft southeast of East Fork of Drakes Creek 
and thence along dirt road connecting with road along Harmons Lick ; at top of first 
hill (alt 1,014 ft) section measured along westward-trending ridge. (See fig. 11.) 
Measured with Jacob staff and rule by G. W. Weir and J. C. Dills, October 1962] 

Thickness 
Brassfield Dolomite (incomplete; Silurian) : (feet) 

11. Dolomite and limy dolomite, grayish-orange (57 8/4), streaked 
very dusky red (1012 2/2) and moderate-reddish-brown 
(1012 4/6) ; commonly coated with pale-yellowish-hrown 
(10712 6/2) ; fine to medium grained. Mostly weathered to 
dark-yellowish-orange (10712 6/6) residuum which forms a 
sharp, conspicuous contact with the grayish-yellow soil of 
unit 19. Not measured; only ahout 5 ft present on hilltop; 
ahout 0.3 mile west of this point, Brassfield Dolomite is well 
exposed and is about 20 ft thick. 

Drakes Formation (Ordovician) ; 
Preachersville Member: 

10. Shale, silty, pale-greenish-yellow (107 8/2) ; in very thin beds 
0.2 in. thick. Poorly exposed ; mostly weathered to grayish-
yellow (57 8/4) soil; nonresistant, forms gentle slope 17. 0 

9. Dolomite, limy and silty, grayish-orange (10712 7/4), weather­
ing grayish-yellow (57 8/4) ; in thin beds 1 in. thick; weath­
ers to .small irregular chunks; more resistant than overlying 
unit. In part very poorly exposed; probably contains some 
shaly siltstone 8. 0 

8. Dolomite, silty ; probably similar to underlying unit but poorly 
exposed; probably contains much limy or dolomitic mud-
stone. At top is a bed of hryozoan silty dolomite that is 
yellowish gray (57 7/2) and spotted dark yellowish orange 
(10712 6/6) ; finely crystalline, silty and very fine sandy; 
about 50 percent of the rock is made up of branching hryo-
zoans, 1 to 4 mm in diameter; bed is 0.5 ft thick. (Section 
offset along top of this hryozoan dolomite bed—across small 
saddle east of barn to outcrops on point below stock pond.) 11. 5 

7. Dolomite, silty, grayish-yellow (57 8/4) to light-gray {NT), 
fine-grained, very fine sandy, in thin beds a few inches thick; 
forms minor bench; abundant very small bryozoans at top 1. 3 

6. Covered ; grayish-yellow soil 6. 3 
5. Mudstone, dolomitic and silty (50 percent), and limy mudstone 

(50 percent) ; very poorly exposed. Dolomitic silty mud­
stone is light gray {N7), in thin beds 1 to 2 in. thick and in-
terhedded with limy mudstone. Limy mudstone is pale olive 
(107 6/2), clayey, poorly laminated ; somewhat plastic when 
wet 21.2 
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^ SECTION 3a.—East Fork .of Drakes Creek—Continued 

•' Drakes Formation (Ordovician)—Continued Thickness 
Preachersville Member—Continued (feet) 

^ 4. Mudstone and dolomitic to argillaceous dolomite, light-gray 
(NT) to medium-gray (N6), weathering yellowish-gray 
(SF 7/2 and 5Y 8/1), silty, in part limy; bedding obscure 

^ hut lacks even bedding of underlying unit. Weathered sur­
face has irregular nodular appearance suggestive of fossil 
markings ; contains small nodules and streaks of light-orange 
calcite and dolomite, a few with sphalerite, perhaps recrystal-

-I lized fossil material; no fossils seen. Fairly resistant, forms 
rough ledge 9. 0 

Total Preachersville Member 74. 3 

Rowland Member: 
3. Mudstone, limy, light-greenish-gray (5G 7/1) and grayish-

\ yellow-green (5GY 7/2), weathering pale-olive (lOY 6/2) ; 
mostly limy, a few beds dolomitic, probably clayey in part as 
in 6-in.-thick bed about 20 ft above base. Unit appears 
unstratified internally in fresh cuts but weathers to thin 
beds less than 1 in. thick; ripple marks noted about 40 ft 
above base, mud cracks on slabs in float. Weathered out­
crop yields platy fragments a fraction of an inch to several 

J inches in diameter. Exposed in roadcut, little natural 
outcrop. No fossils seen 52. 4 

2. Mudstone, clayey; mostly covered on line of section. At base 
is seam of plastic claystone that is pale yellowish green 
(lOGY 7/2) and a few inches thick; rest of unit is covered 

- hy platy debris from overlying unit. About 1,100 ft north of 
main line of section, most of this interval is well exposed 
and consists chiefly of mudstone that is light greenish gray 

' (5GY 7/1) to greenish gray (5GY 6/1), very silty, and 
y dolomitic to slightly limy; sparse dark-gi-een spots of glau-

conite(?) ; appears structureless where fresh but is ob­
scurely laminated and, where weathered, parts readily 
along smooth planes % to 1/2 in. apart; yields platy frag-
ments about in- thick and several inches in diameter; un-

; fossiliferous. Basal 2.5 ft is clayey mudstone, generally 
similar to mudstone described but finer grainetl, more poorly 
bedded, and less fissile; sparse fragments of brachiopods in 
basal foot 8. 3 

Total Rowland Member 60. 7 

Sj- Total Drakes Formation 135. 0 
Ashlock Formation (incomplete) : 

s Reba Member (incomplete) : 
1. Limestone, medium-light-gray (N6) and yellowish-gray (5Y 

8/1) ; fine to medium grained, very argillaceous in top 5 ft; 
in rough-surfaced beds a few inches thick ; abundant brachi­
opods and bryozoans. Not measured; about 15 ft exposed 

y locally. 
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SECTION 3b.—Rowland West 
[Type section of the Rowland Member of the Drakes Formation. Measured in roadcuts 

along U.S. Highway 27 on outskirts of Stanford, about 1.2 miles west of Rowland, ^ 
Lincoln County, Ky. (Stanford quadrangle). Measured with Jacob staff and rule 
by G. W. Weir, July 1964] ^ 

Drakes Fonnation (incomplete) : Thickness 
Preachersville Member (incomplete) : .(feet) 

8. Limestone, dolomitic, grayish-orange {lOYB 7/4), mottled y. 
light-olive-gray (SY 5/1) ; weathered rock is about same col­
or ; commonly coated dark-olive-gray (57 8^/1) ; very fine 
to fine grained; sparse scattered clusters, a fraction of an 
inch across, of orange and white coarsely crystalline calcite. f 
In rough beds a few inches to about 1 ft thick with seams 
of mudstone as much as 2 in. thick; forms prominent ledge 
about 1 ft thick at base; minor, less prominent ledges 
above. Only basal foot well exposed near hilltop; thick­
ness approximate 5. 0 

Rowland Member: 
7. Mudstone, dolomitic, light-greenish-gray {5GY 8/1) and yel­

lowish-gray (5y 7/2), weathering about grayish-orange 
(lOYR 7/3) and pale-greenish-yellow (lOY 8/2) ; mostly 
silt probably with interstitial clay, and fiakes of claystone a 
fraction of an inch across; in thin even beds a fraction of 
an inch to an inch thick; no megafossils. Less dolomitic, 
less resistant than underlying or overlying unit. Poorly 
exposed on gently slope 4.0 \ 

6. Mudstone, dolomitic, chiefly yellowish-gray (5Y 7/2), in 
part mottled dark-yellowish-gray (5Y 6/2), argillaceous, 
very fine grained; some beds probably argillaceous dolo­
mite ; in even beds to 2 in. thick; cleaves along smooth 
partings % to 1 in. apart; no megafossils; mottling perhaps 0, 
of organic origin. More resistant than underlying and 
overlying units; forms ledge at top of roadcut, forms slope 
in natural outcrop 3.0 

5. Mudstone, limy and dolomitic, greenish-gray (5Y 6/1), \ 
weathering yellowish-gray (5Y 7/2), argillaceous, very fine 
grained; some beds probably argillaceous limestone and 
dolomite with fiakes and partings of mudstone; laminated 
and in even beds a fraction of an inch to several inches 
thick; splits along smooth partings a fraction of an inch ^ 
to an inch apart; no megafossils 29. 0 

4. Mudstone, limy, greenish-gray {5GY 6/1), weathering light- : 
olive-gray (5Y 6/1) and yellowish-gray (5Y 7/2), argilla­
ceous, very fine grained; some beds probably argillaceous 
limestone; dark-green glauconite(?) common near base; 
discontinuous siliceous white band, 0 to 2 in. thick, about 8.5 
ft above base; laminated and in thin even beds commonly 
% to 1 in. thick, a few beds several inches thick; bedding 
obscure in fresh cuts but brought out by weathering; 
cleaves readily along smooth partings % to 1 in. apart; 
weathered outcrop yields plates and blocks; no megafossils 
noted. Top placed at top of hackly weathering interval 
1 to 3 ft thick, forming minor niche. More resistant than ^ 
underlying imit but along with units 8, 9, and 10 forms 
moderate slope 22.1 
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SECTION 3b.—Rowland West—Continued 

' Drakes Formation (incomplete)—Continued Thickness 
j Rowland Member—Continued (feet) 

3. Mudstone, greenish-gray (5GY 6/1), slightly limy; dark-
green glauconite(?) common; crudely laminated; weathers 
to small chips; no megafossils; nonresistant, forms niche 
below more resistant mudstone of unit 7 0.9 

^ Total Rowland Member 59 

Measured Drakes Formation (incomplete) 64 
Ashlock Formation (incomplete) : 

Reba Member (incomplete) : 
2. Mudstone (75 percent) and limestone (25 percent). Mud­

stone is greenish gray (5(^7 6/1), limy, crudely laminated; 
weathers to small chips. Limestone is argillaceous, green­
ish gray i5GY 6/1), very fine grained, intermixed with 
mudstone; fossils fragmental; common grayish-green clay 
mineral (glauconite?) ; in lenticles Vs to in. thick and a 
few inches long scattered through mudstone; very fossilif-
erous, contains abundant fine to very coarse fragments of 
bryozoans and brachiopods. Nonresistant unit, forms fossil-
strewn slope. Presence of limestone differentiates this unit 
from overlying unit; contact placed at top of limestone 

I lenticles interstratified with mudstone 1.0 
1, Limestone, argillaceous, greenish-gray (5G 6/1) ; weathered 

rock is about same color; poorly sorted, very fine to coarse 
grained, but mostly fine to medium grained; intermix'ed 
with 10 to 40 percent mudstone; obscurely bedded, prob-

^ ably in crenulated beds 1 to 3 in. thick. Very fossiliferous, 
chiefly bryozoans and brachiopods. Nonresistant, 
weathers to fossil-strewn rubbly slope. Not measured; 

^ about 10 ft exposed in highway cut and ditch. 

SECTION 3C.—Preachersville Southeast 

[Type section of the Preachersville Member of the Drakes Formation. Measured south-
,y ward in gully and roadcuts along Kentucky Highway .39 beginning about 2 miles south-

^ least of Preachersville, Lincoln County, Ky. (Lancaster quadrangle.) Measured with 
I Jacob staff and rule by G. W. Weir, July 1964. Thicknesses adjusted for local dip of 2° 

iSE.] 

Brassfield Dolomite (incomplete ; Silurian) : 
10. Limestone, dolomitic, pnle-grayish-orange (lOYR 8/4), with 

streaks of dark-yellowish-orange (lOYTi 6/6) ; very fine to 
fine grained; in rough beds several inches thick; no fossils 
noted. Mostly weathered to moderate-yellowish-brown 
(lOYi? 5/4) soil with scattered blocks a few inches to a few 
feet across. Not measured ; residuum is about 3 ft thick on 
hilltop at end of section about 800 ft southeast of starting 
point. 
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SECTION 3C.—Preachersville Southeast—Continued 

Drakes Formation (incomplete ; Ordovician) : Thickness 
Preachersville Member: (feet) ^ 

9. Shale, silty and probably do.lomitic, moderate- to pale-greenish-
yellow (lOY 7-8/2) ; in smooth even laminae and thin beds 
as much as 1 in. thick; very fissile along bedding planes; 
nonresistant, forms gentle slope. No fossils noted "20 

8. Mudstone (80 percent) and limy argillaceous dolomite (20 per­
cent). Mudstone is light greenish gray (5GY 7/1), slightly ^ 
limy, mostly obscurely bedded, in part laminated; hackly ^ 
weathering yielding small chunks commonly % to ^ in. 
across; no megafossils noted ; curly markings % in. across ' 
and several inches long resembling worm tracks in lower 
part of unit; makes up lower % of unit and interbedded 
with dolomite in top %. Dolomite is limy, argillaceous, 
pale grayish orange (10YJ2 8/2) and light greenish gray 
(5GY 7/1), very fine grained, in even beds about 1 in. thick ; 
no fossils noted. Unit forms slope with ledgy top 4. 5 ^ 

7. Dolomite (70 percent) and mudstone (30 percent). Dolomite 
is argillaceous and limy, yellowish gray (SY 7/2) to grayish 
orange (lori? T/3), chiefly very fine and fine grained, with 
streaks of greenish-gray mudstone ; in somewhat rough beds 
^ to 1% in. thick; sparse poorly preserved cylindrical 
bryozoans in a few thin beds. Mudstone is dolomitic, 
light greenish gray (5GY 7/1) to yellowish gray (5Y 8/1) ; ) 
common to abundant intermixed fine-grained dolomite; 
in obscure and irregular, lumpy discontinuous beds com­
monly % to iy2 in. thick; closely interstratified with dolo­
mite ; no fossils noted. Whole unit relatively resistant, 
sets of beds of dolomite form ledges 15. 5 ^ 

6. Mudstone, dolomitic; similar to dolomitic mudstone in overly- '' 
ing unit 7 ; nonresistant, forms slope ; very sparse poorly pre­
served small cylindrical bryozoans 6 

5. Dolomite (50 percent) and mudstone (50 percent). Dolomite 
is argillaceous, yellowish gray (5Y 7/2-8/1) and medium 
gray (2)^5), and pale orange (10YJ2 7/2), very fine to fine 
grained, silty ; intermixed streaks and patches of mudstone; 
slightly limy, with clusters, % to % in. across, of pale-
yellowish-orange calcite crystals; mostly in fairly even ^ 
beds 1 to 3 in. thick; base marked by uneven bed 4 to 8 in. 
thick; muddier parts contain common "worm" markings, ? 
about Vs in. across, emphasized by slight color contrasts; 
very sparse poorly preserved bryozoans. Mudstone is dolo­
mitic, greenish gray (5GY 6-7/1) ; contains intermixed gray­
ish-orange (lOYiJ 7/3) stringers and patches of very fine 
grained dolomite; obscurely bedded; hackly weathering; 
common "worm" markings and very sparse very poorly 
preserved small cylindrical bryozoans and small fragments , 
of brachiopods( ?). Whole unit relatively resistant; beds 
of dolomite form minor ledges 16 

4. Mudstone, dolomitic, grayish-green (5G 6-7/1) ; similar tO 
mudstone in unit 5; less resistant than underlying or over- ^ 
lying unit 11 
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i SECTION 3C.—Preachersville' Southeast—Continued 

' Drakes Formation (incomplete; Ordovician)—Continued Thickness 
^ Preachersville Member—Continued {feet) 

3. Mudstone, limy (50 percent), grading to fossiliferous argil­
laceous limestone (35 percent) and, at top, grading to dolo-
mitic mudstone (15 percent) ; yellowish gray (57 8/2), 

^ greenish gray (507 6/1 and 50 6/1) ; weathered rocks are 
same colors and light olive gray (57 6/1) and light greenish 
gray (50 7/1). At base is about 1 ft of poorly bedded un-
fossiliferous limy mudstone, overlain by about 2 ft of very 

' limy mudstone containing common to abundant lenticles, a 
few inches long and less than an inch thick, of fossiliferous 
argillaceous limestone, grading to fossiliferous argillaceous 

^ limestone with a few seams of mudstone and in top 1 ft 
grading to unfossiliferous resistant dolomitic mudstone; 
separated from dolomitic mudstone of unit 4 by conspicuous 
parting, commonly iron stained. Bedding generally obscure 
throughout unit. Limy rocks sparsely to abundantly fos­
siliferous ; most conspicuous are colonial corals, as much as 2 
ft across in layer about 2 ft below top of unit; smaller colo-

^ nial corals and stromatoporoids common about 2.5 ft below 
top; brachiopods and bryozoans, sparse to very abundant 
beginning about 2 ft above base, and continuing to about 1.5 
ft below top. Unit generally nonresistant, upper half of 

' unit more resistant than lower half 5. 5 
2. Limestone, argillaceous, olive-gray (57 5/1) to greenish-gray 

(5Gr 6/2), weathering light-olive-gray (57 7/1), to light-
greenish-gray (5G7 7/1), chiefly very flne grained, silty, 
probably clayey in part; small geoidal clusters, ^ to 1 in. 

^ across, of coarsely crystalline white calcite; a single set of 
rough beds % to 2% in. thick, many bedding planes discon-

' tinuous; forms small but prominent rough ledge. Spar.se 
' very flne and flne-grained fossil fragments of brachiopods 
•I bryozoans (?) 1.5 

Total Preachersville Member SO 

Rowland Member (incomplete) : 
1. Mudstone, chiefly yellowish-gray (57 8/1), in places grayish-

yellowish-green (5GY 6-7/2) ; weathered rock is same colors 
or darker, approximately pale olive (107 6/1) ; slightly to 
very limy, silty; in even laminae and thin beds as much as 
2 in. thick; fissile, cleaving along smooth partings ^ to 
1 in. apart; nonresistant, forms slope; outcrop yields chips 
and small plates, a fraction of an inch to a few inches across, 
and irregular blocks commonly about % in. thick and 1 to 
3 in. long; no fossils seen. In part poorly exposed; about 
75 percent of interval is outcrop. Base of section is base of 
local exposure 13 

Measured Rowland Member (incomplete) 13 

Measured Drakes Formation (incomplete) 93 
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Topography 
The alluvium forms narrow floodplains and small terraces along the Kentucky River and larger 
tributaries. 

Hydrology 
The alluvium yields 100 to 500 gallons per day to wells in thick deposits along the Kentucky 
River; elsewhere, the alluvium is too thin and fine-grained to yield much water. Water is hard. 

High-Level Fluvial Deposits (QT^ 
Topography 
These deposits blanket localized areas of uplands and hilltops having no distinct surface 
expression. 

Hydrology 
These deposits yield 100 to 500 gallons per day to wells in thick deposits; otherwise, they are 
too thin and scattered to be important as an aquifer. They do yield water to small springs and 
dug wells. Water is soft. 

Breathitt Group (Pikeville Formation) (Pbl) 
Topography 
The Breathitt Group underlies the valleys and forms the hills of the southeastern comer of the 
county. Tops of hills and ridges commonly are capped by sandstone. Shales form wide valleys 
and moderate or gentle slopes on hills. 

Hydrology 
The Breathitt yields more than 500 gallons per day to almost half of the wells (h"illed in valley 
bottoms and more than 100 gallons per day to about half the wells (hilled on hillsides and on 
ridges. Sandstones yield water to most wells. Shales also yield water to many wells, and coal 
yields water to a few. Near-vertical joints and openings along bedding planes yield most of the 
water to wells. Waters are highly variable in chemical character 

Corbin Sandstone Member, Grundy, and Bee Rock Formations (contains Lee type 
sandstone of the former Lee Formation) (Pic) 
Topography 
These rocks form the tops of steep-sided ridges and knobs, steep bluffs, and cliffs. Some 
sandstone paleochannels have been cut through shales of the Paragon Formation into limestone 
units of Late Mississippian age. 

Hydrology 
These rocks yield 100 to 500 gallons per day to chilled wells on broad ridges, but almost no 
water to wells on narrow ridges or hilltops. They do yield water to small springs. Water is soft. 

Paragon Formation (Mpk) 
Topography 
The Paragon is too thin and limited in extent to have distinct surface expression. 

Hydrology 
The Paragon yields almost no water. Impermeable shale may hold water in overlying sandstone 
and conglomerate. 
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Slade Formation (in southeastern corner) (Mpn, Mn) 
Topography 
In the southeastern comer of the county, these limestone beds form steep hillsides and 
prominent bluffs in sides of ridges and knobs that are capped by Pennsylvanian rocks. 

Hydrology 
The Slade yields 100 to 500 gallons per day to drilled wells in the few places where it occurs 
below stream level. It yields almost no water to wells on narrow ridgetops or hillsides, but does 
yield water to small springs on hillsides, particularly at the heads of streams. Springs have large 
winter and small summer flows. Water is hard to very hard. 

Borden Formation (MDbb, Mbf) 
Topography 
The Borden forms the main part of the Mississippian Escarpment, ridges, and knobs. Shale 
forms dissected slopes, massive siltstone forms cliffs, and limestone forms ledges on shale 
slopes. 

Hydrology 
The Borden yields 100 to 500 gallons per day to wells in valley bottoms. It may yield more than 
500 gallons per day to drilled wells in broad valley bottoms from fractured sandy rocks near 
streams. It yields almost no water to wells on hills. Water from wells billed below stream level 
may contain salt, sulfate, or iron less than 100 feet below the level of the principal valley 
bottoms. Water from dug wells and small springs is soft and has a low dissolved-solids content. 
Water from shale is soft; from the siltstone, hard; and from the limestone, very hard. Because 
much of this formation is soft and silty, it has been well suited to the construction of dug wells 
in the past. 

New Albany Shale (MDnb) 
Topography 
The New Albany forms broad, flat valleys and flat uplands. It forms steep, dissected hillsides 
and bluffs along streams. 

Hydrology 
The New Albany yields 100 to 500 gallons per day to drilled wells in valley bottoms and on 
uplands, usually at depths of less than 50 feet; water from greater depths is highly mineralized. 
The shale yields water to small springs. Water may be soft or highly mineralized. Salt, 
hy^ogen sulfide, and iron are the usual objectionable constituents. 

Boyle Dolomite (MDnb) 
Topography 
The Boyle forms resistant ledges on valley sides between shale slopes above and below. 

Hydrology 
The Boyle yields almost no water to (hilled wells. It does yield water to many small perennial 
springs. Water is hard, but otherwise of good quality. 

Crab Orchard Formation and Brassfield Dolomite (Scb) 
Topography 
The shale forms steep, dissected hillsides and broad, flat valley bottoms. The shale erodes 
readily below more-resistant overlying limestone, forming notches and recesses. Dolomite beds 
form discontinuous ledges along hillsides. 

Hydrology 
The shale yields almost no water to wells or springs, but may yield small amounts of water to 
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wells in valley bottoms. Water is highly mineralized. Dolomite beds yield hard water to small 
springs. 

Drakes Formation (Od) 
Topography 
The Drakes forms dissected upland areas, with slopes that are moderately steep where underlain 
by shale, and moderately undulating to gently rolling where underlain by limestone. The Drakes 
forms steep and cliffy slopes along large streams, littered with limestone slabs left as shale beds 
weather and wash away. 

Hydrology 
The Drakes yields 100 to 500 gallons per day to drilled wells in broad valleys and along streams 
in upland, but almost no water to drilled wells on hillsides or ridgetops. It does yield water to 
small springs. Water is hard, and in valley bottoms may contain salt or hydrogen sulfide. Shale 
limits the amount of water that has access to thick limestone beds, and therefore restricts the 
number of openings in these beds enlarged by solution. As a result, the limestone beds yield 
little water. 

Ashlock Formation and Calloway Creek Limestone (Oaf) 
Topography 
These rocks form gently to moderately rolling uplands away from major streams. The formation 
is highly dissected where shale content increases, with small sinkholes, minor underground 
drainage, and broad, flat valleys where limestone predominates. 

Hydrology 
These formations yield 100 to 500 gallons per day to drilled wells in broad valleys and along 
streams in uplands, but almost no water to drilled wells on hillsides or ridgetops. They do yield 
water to small springs. Water is hard, and in valley bottoms may contain salt or hy^ogen 
sulfide. Where thick limestone beds with little shale occur below stream level in valley bottoms 
or on uplands, they may have undergone solutional enlargement of fractures and bedding-plane 
openings. Wells drilled into these limestone beds may produce more than 500 gallons per day. 
These thick beds also yield water to some large springs. 

Garrard Siltstone (Okc) 
Topography 
The Garrard forms prominent ledges along hillsides. 

Hydrology 
The well-cemented siltstone and fine-grained sandstone and siltstone do not provide many 
openings for water, and yield almost no water to wells. Water is hard. 

Clays Ferry Formation and Kope Formation (Okc) 
Topography 
These formations create the rugged topography of narrow, steep-sided ridges with narrow 
V-shaped valleys of dendritic drainage. Steep slopes erode easily and are covered with thin 
limestone slabs in many places. In the lower part of the formation, topography becomes more 
gently to moderately rolling uplands with small sinkholes and some underground chainage 
where limestone predominates. 

L 
Hydrology 
These formations yield 100 gallons per day to (h"illed wells in valley bottoms, but almost no 
water to drilled wells on hillsides or ridgetops. They do yield water to small springs. In the 
lower, limestone-rich section, drilled wells can yield 100 to 500 gallons per day in valley 
bottoms along streams. Water is hard in valley bottoms, and may contain salt or hydrogen 
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sulfide. Shale has small, poorly connected openings, and groundwater circulation is slow; as a 
result, little water is available to wells and springs. On ridgetops, the shale prevents downward 
percolation of water, and creates small semiperched water bodies in the lower part of the soil 
and the upper part of weathered bedrock. 

Upper Part of Lexington Limestone (Tanglewood Limestone, Millersburg, Strodes Creek, 
Devils Hollow, Sulfur Well, Brannon, and Perryville Members) (Ol) 
Topography 
The upper Lexington forms broad, flat valleys in uplands. Where dominantly limestone, it has 
well-developed subsurface drainage and many sinkholes, with gently sloping hillsides adjacent 
to small streams in uplands. The resistant shale and soft, bentonite-rich beds form a subdued 
bench-like topography along hillsides and streams. 

Hydrology 
The upper Lexington yields more than 500 gallons per day to wells in valley bottoms and along 
streams in uplands. It yields 100 to 500 gallons per day to many perennial springs and more 
than 100 gallons per minute to a few large springs. The amount of water available in rocks of 
the Lexington Limestone is dependent on the amount of shale. Generally, throughout the whole 
Lexington Limestone section, the more shale found within the zone of interest, the less water 
will be found. The upper Lexington yields water to springs from the resistant Brannon Member. 
Water is hard, and may contain salt or hydrogen sulfide in some places. Water from wells near 
fault zones may contain objectionable amounts of salt. 

Lower Part of Lexington Limestone (Ol) (Grier, Logana, Curdsville Members) 
Topography 
The lower Lexington forms rolling to dissected uplands. Sinkholes are very common; the large 
ones occur in the Grier Limestone. Natural outcrops are rare in the rolling uplands, but the 
limestone beneath hillslopes is evident from the bench-like or terrace-like appearance of the 
slopes. Limestone crops out in discontinuous bands in the valley sides in the dissected part near 
the Kentucky River. 

Hydrology 
The lower Lexington yields 100 to 500 gallons per day to wells in most valley bottoms and 
along streams in uplands; it yields up to 150 gallons per minute from thick limestone beds in the 
Curdsville along large streams. The lower Lexington also yields water to many small springs. 
Water is hard, and may contain salt in valley bottoms. 

High Bridge Group (Tyrone Limestone, Oregon Formation, Camp Nelson Limestone) 
(Ohb) 
Topography 
The High Bridge forms steep slopes and high cliffs along the Kentucky and Dix Rivers and 
lower parts of tributaries. The Camp Nelson forms flat terraces with occasional sinkholes in the 
bottom of the Kentucky River gorge and steep cliffs along the lower sides. It also extends up the 
large tributaries, forming flat bottoms and steep walls. The Oregon crops out in a band in the 
walls of the gorge and up a few large tributaries. The Tyrone crops out in the upper walls of the 
Kentucky River gorge and extends up the large tributaries nearly to the uplands, forming broad, 
flat valleys with sinkholes and underground chainage. 

Hydrology 
The High Bridge yields 100 to more than 500 gallons per day to drilled wells in valleys of the 
Dix and Kentucky Rivers and large tributaries. Yields of as much as 225 gallons per minute 
have been reported in wells drilled into the Camp Nelson Limestone adjacent to the Kentucky 
River, from solution channels and fractures connected with the river. The High Bridge yields 
water to springs on hillsides and in steep walls along large streams. Water is hard, and may L 
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contain hydrogen sulfide, but generally is of good quality. Wells drilled into the High Bridge 
through overlying rocks produce almost no water, because bentonite beds in the Tyrone prevent 
recharge to underlying rocks, except where the bentonite has been breached or removed by 
erosion. 

Knox Group (Okx) 
Topography 
The Knox Group has no surface exposure in Kentucky, but underlies the entire state at varying 
depths. 

Hydrology 
In the Inner Bluegrass Region of Kentucky, fresh water has been found in the upper 100 to 250 
feet of this largely untested dolomite-rich aquifer. Wells often exceed 750 feet in total depth, 
with high concentrations of dissolved solids found in many areas. Average reported yields range 
from 10 to 20 gallons per minute, but as high as 75 gallons per minute. 

You can find out more about the Knox aquifer. 

The U.S. Geological Survey's Hvdrologic Atlas Series, published cooperatively with the 
Kentucky Geological Survey, provides hydrologic information for the entire state. 

Previous—Next—Back to "Groundwater Resources in Kentucky" 

http://www.uky.edu/KGS/water/library/gwatlas/Madison/GWavailability.htm 5/19/2016 
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L'I oil 'O-.LE.-.OT I:E 

Established Series 
Rev. JH\V:JHN 
02 2006 

CALEAST SERIES 

Tlie Caleast series consists of deep and veiy deep, well drained soils that fonned in residuum weathered from limestone 
interbedded with thin strata of calcareous shale iind siltstone. Slopes range from 2 to 20 percent. 

TAXONOMIC CLASS: Fine, mixed, active, mesic Mollic Hapludalfs 

TVPIC.\L PEDON: Caleast silt loam—cultivated. (Colors are for moist soil unless othenvise stated.) 

Ap-0 to 7 inches: dark brown (lOVR 3 3) silt loam, brown (lOVR 5 3) diy: moderate tnie and medium granular 
structure: friable: niiiny tnie roots: neutral: clear smooth boundaiy. (6 to 10 inches thick) 

Btl"7 to 13 inches: dark yellowish brown (lOVR 4 4) silty clay: moderate tnie and medium angular blocky structure: 
tnin: many tnie roots: many taint clay tllnis: few tnie (1-2 mm) black (lOVR 2 1) Mn nodules: neutral: gradual smooth 
boundaiy. (0 to 10 inches thick) 

Bt2—13 to 23 inches: dark yellowish brown (lOVR 4 4) silty clay: moderate tnie iind medium iingular blocky structure: 
veiy tniii: common tnie roots: many taint clay films: few tnie (1-2 mm) black (lOVR 2 1) Mn nodules: slightly acid: 
gradual smooth boundaiy . (5 to 20 inches thick) 

Bt3—23 to 54 inches: yellowish brown (lOVR 5 4) clay: common medium taint light yellowish brown (2.5V 6 4) and 
diii'k yellowish brown (lOVR 4 4) lithochromic mottles: moderate tnie and medium iingular blocky structure: veiy tniii: 
few tnie roots: many taint clay tlhiis: few fine (1-2 mm) black (lOVR 2 1) Mn nodules: common black (lOVR 2 1) 
Mangiins on taces of peds: slightly acid. (10 to 35 inches thick) 

R—54 inches: limestone interbedded with thin strata of calcareous shale and siltstone. 

TYPE LOCATION: Madison County. Kentucky: about 4.7 miles southwest of Riclmiond iind 1.5 miles west of 
Caleast. thence 0.1 mile north on tami road on ridgetop. and 175 yiii'ds east in pasture field. 

R.\NGE IN CH.\R.\CTERISTICS: Depth to limestone bedrock is 40 to more than 80 inches. Solum thickness is 40 to 
60 inches, reaction ranges from moderately to mildly alkaline. Eragments of limestone range from 0 to 5 percent by 
volume. 

Tlie .A horizon has hue of 7.5VR to 2.5V. value of 3. and chroma of 2 to 4. Value diy is less than 6. Texlure is silt loam 
or silty clay loam. 

Some pedons have thin BE or B.V horizons up to 8 inches thick with colors and texlures similar to the upper Bt. 

Tlie upper part of the Bt horizon has hue of 7.5 VR to 2.5 V. value of 4 or 5. and chroma of 3 to 6. Texlure is silty clay 
loam or silty clay. 

Tlie lower part of the Bt horizon has similar colors, but commonly has lithochromic mottles in shades of brown, yellow 
or gray. Texlure is silty clay or clay. 
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A BC or C horizon with textures similar to the lower Bt is in some pedons. It is commonly variegated without dominant 
hue or chroma and includes chroma of 2 or less. 

COMPETING SERIES: These are the Belpre, Brooke. Fleming, McAfee and Salvisa series in the same family. Belpre 
soils have redder colors in the argillic horizon and lack Mn nodules. Brooke, McAfee and Salvisa soils are moderately 
deep to bechock. Fleming soils have paralithic contact and redder colors in the argillic horizon. 

GEOGRAPHIC SETTING: Caleast soils are on upland ridgetops and side slopes. Slopes range from 2 to 20 percent 
and some areas are karst. The soils formed in clayey residuum weathered from limestone interbedded with thin layers of 
shale and siltstone. The average annual temperature is about 54 degrees F., and average annual precipitation is about 45 
inches. 

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Cynthiana. Lowell, Fairmount, Faywood, and Lowell, 
Maury. Salvisa and Shelbyville series. Cynthiana, Faywood, Lowell, Maury and Salvisa soils do not have mollic 
epipedons. Shelbyville soils are fine-silty. Cynthiana and Fairmount soils are shallow. Faywood and Salvisa soils are 
moderately deep. 

DRAINAGE AND PERMEABILITY: Well drained with moderately slow permeability. Runoff is medium on slopes 
less than 5 percent and high on slopes greater than 5 percent. 

USE AND VEGETATION: Nearly all areas are used for growing hay, com, tobacco, and small grains or as pasture. 
Native vegetation is chiefly hardwoods interspersed with grassy glades. The dominant tree species are oaks, black 
walnut, hickory, ash, hackberry, elm and maple. 

DISTRIBUTION AND EXTENT: The Bluegrass region of Kentucky and possibly southwestem Ohio. Total extent 
probably is moderate. 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Morgantown, West Virginia 

SERIES ESTABLISHED: Madison County, Kentucky; 1968. 

National Cooperative Soil Survey 
U.S.A. 
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Preface 
Soil surveys contain information that affects land use planning in survey areas. They 
highlight soil limitations that affect various land uses and provide information about 
the properties of the soils in the survey areas. Soil surveys are designed for many 
different users, including farmers, ranchers, foresters, agronomists, urban planners, 
community officials, engineers, developers, builders, and home buyers. Also, 
conservationists, teachers, students, and specialists in recreation, waste disposal, 
and pollution control can use the surveys to help them understand, protect, or enhance 
the environment. 

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil properties 
that are used in making various land use or land treatment decisions. The information 
is intended to help the land users identify and reduce the effects of soil limitations on 
various land uses. The landowner or user is responsible for identifying and complying 
with existing laws and regulations. 

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some cases. 
Examples include soil quality assessments (http://wv/w.nrcs.usda.gov/wps/portal/ 
nrcs/main/soils/health/) and certain conservation and engineering applications. For 
more detailed information, contact your local USDA Service Center (http;// 
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/? 
cid=nrcs142p2_053951). 

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic 
tank absorption fields. A high water table makes a soil poorly suited to basements or 
underground installations. 

The National Cooperative Soil Survey is a joint effort of the United States Department 
of Agriculture and other Federal agencies, State agencies including the Agricultural 
Experiment Stations, and local agencies. The Natural Resources Conservation 
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil 
Survey. 

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information. 

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs 
and activities on the basis of race, color, national origin, age, disability, and where 
applicable, sex, marital status, familial status, parental status, religion, sexual 
orientation, genetic information, political beliefs, reprisal, or because all or a part of an 
individual's income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require alternative means 

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/


for communication of program information (Braille, large print, audiotape, etc.) should 
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 



Contents 
Preface 2 
How Soil Surveys Are Made 5 
Soil Map 7 

Soil Map 8 
Legend 9 
Map Unit Legend 10 
Map Unit Descriptions 10 

Madison County, Kentucky 12 
CaB—Caleast silt loam, 2 to 6 percent slopes 12 
CaC—Caleast silt loam, 6 to 12 percent slopes 13 
FdE—Faywood silt loam, 12 to 30 percent slopes 14 
MuB—Mercer silt loam, 2 to 6 percent slopes 15 
NhB—Nicholson silt loam, 2 to 6 percent slopes 16 
uLfC—Lowell-Faywood silt loams, 6 to 12 percent slopes 18 

References 21 



How Soil Surveys Are Made 
Soil surveys are made to provide information about the soils and miscellaneous areas 
in a specific area. They include a description of the soils and miscellaneous areas and 
their location on the landscape and tables that show soil properties and limitations 
affecting various uses. Soil scientists observed the steepness, length, and shape of 
the slopes; the general pattern of drainage; the kinds of crops and native plants; and 
the kinds of bedrock. They observed and described many soil profiles. A soil profile is 
the sequence of natural layers, or horizons, in a soil. The profile extends from the 
surface down into the unconsolidated material in which the soil formed or from the 
surface down to bedrock. The unconsolidated material is devoid of roots and other 
living organisms and has not been changed by other biological activity. 

Currently, soils are mapped according to the boundaries of major land resource areas 
(MLRAs). MLRAs are geographically associated land resource units that share 
common characteristics related to physiography, geology, climate, water resources, 
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically 
consist of parts of one or more MLRA. 

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is 
related to the geology, landforms, relief, climate, and natural vegetation of the area. 
Each kind of soil and miscellaneous area is associated with a particular kind of 
landform or with a segment of the landform. By observing the soils and miscellaneous 
areas in the survey area and relating their position to specific segments of the 
landform, a soil scientist develops a concept, or model, of how they were formed. Thus, 
during mapping, this model enables the soil scientist to predict with a considerable 
degree of accuracy the kind of soil or miscellaneous area at a specific location on the 
landscape. 

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented by 
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify 
predictions of the kinds of soil in an area and to determine the boundaries. 

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them to 
identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character of 
soil properties and the arrangement of horizons within the profile. After the soil 
scientists classified and named the soils in the survey area, they compared the 
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individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research. 

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that have 
similar use and management requirements. Each map unit is defined by a unique 
combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components of 
the map unit. The presence of minor components in a map unit in no way diminishes 
the usefulness or accuracy of the data. The delineation of such landforms and 
landform segments on the map provides sufficient information for the development of 
resource plans. If intensive use of small areas is planned, onsite investigation is 
needed to define and locate the soils and miscellaneous areas. 

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, and 
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific 
locations. Once the soil-landscape model is refined, a significantly smaller number of 
measurements of individual soil properties are made and recorded. These 
measurements may include field measurements, such as those for color, depth to 
bedrock, and texture, and laboratory measurements, such as those for content of 
sand, silt, clay, salt, and other components. Properties of each soil typically vary from 
one point to another across the landscape. 

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties. 

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists interpret 
the data from these analyses and tests as well as the field-observed characteristics 
and the soil properties to determine the expected behavior of the soils under different 
uses. Interpretations for all of the soils are field tested through observation of the soils 
in different uses and under different levels of management. Some interpretations are 
modified to fit local conditions, and some new interpretations are developed to meet 
local needs. Data are assembled from other sources, such as research information, 
production records, and field experience of specialists. For example, data on crop 
yields under defined levels of management are assembled from farm records and from 
field or plot experiments on the same kinds of soil. 

Predictions about soil behavior are based not only on soil properties but also on such 
variables as climate and biological activity. Soil conditions are predictable over long 
periods of time, but they are not predictable from year to year. For example, soil 
scientists can predict with a fairly high degree of accuracy that a given soil will have 
a high water table within certain depths in most years, but they cannot predict that a 
high water table will always be at a specific level in the soil on a specific date. 

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
identified each as a specific map unit. Aerial photographs show trees, buildings, fields, 
roads, and rivers, all of which help in locating boundaries accurately. 



Soil Map 
The soil map section includes the soil map for the defined area of interest, a list of soil 
map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit. 
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misunderstanding of the detail of mapping and accuracy of soil line 
placement. The maps do not show the small areas of contrasting 
soils that could have been shown at a more detailed scale. 

Please rely on the bar scale on each map sheet for map 
measurements. 

Source of Map: Natural Resources Conservation Service 
Web Soil Survey URL: http://websollsurvey.nrcs.usda.gov 
Coordinate System: Web Mercator (EPSG:3857) 

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used If more accurate 
calculations of distance or area are required. 

This product Is generated from the USDA-NRCS certified data as of 
the version date(s) listed below. 

Soil Survey Area: Madison County, Kentucky 
Survey Area Data: Version 13, Sep 15, 2015 

Soil map units are labeled (as space allows) for map scales 1:50,000 
or larger. 

Date(s) aerial Images were photographed: Apr 17, 2010—Sep 13, 
2010 

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
Imagery displayed on these maps. As a result, some minor shifting 
of map unit boundaries may be evident. 
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Map Unit Legend 

Madison County, Kentucky (KY151) 

Map Unit Symbol Map Unit Name Acres in AOl Percent of AOl 

CaB Caleast silt loam, 2 to 6 percent 
slopes 

15.4 26.8% 

CaC Caleast silt loam, 6 to 12 percent 
slopes 

27.2 47.5% 

FdE Faywood silt loam, 12 to 30 
percent slopes 

7.6 13.3% 

MuB Mercer silt loam, 2 to 6 percent 
slopes 

6.1 10.7% 

NhB Nicholson silt loam, 2 to 6 
percent slopes 

0.0 0.0% 

uLfC Lowell-Faywood silt loams, 6 to 
12 percent slopes 

0.9 1.6% 

Totals for Area of Interest 57.3 100.0% 

Map Unit Descriptions 

The map units delineated on the detailed soil maps in a soil survey represent the soils 
or miscellaneous areas in the survey area. The map unit descriptions, along with the 
maps, can be used to determine the composition and properties of a unit. 

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the landscape, 
however, the soils are natural phenomena, and they have the characteristic variability 
of all natural phenomena. Thus, the range of some observed properties may extend 
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic 
class rarely, if ever, can be mapped without including areas of other taxonomic 
dasses. Consequently, every map unit is made up of the soils or miscellaneous areas 
for which it is named and some minor components that belong to taxonomic classes 
other than those of the major soils. 

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They generally 
are in small areas and could not be mapped separately because of the scale used. 
Some small areas of strongly contrasting soils or miscellaneous areas are identified 
by a special symbol on the maps. If included in the database for a given area, the 
contrasting minor components are identified in the map unit descriptions along with 
some characteristics of each. A few areas of minor components may not have been 
observed, and consequently they are not mentioned in the descriptions, especially 
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where the pattern was so complex that it was impractical to make enough observations 
to identify all the soils and miscellaneous areas on the landscape. 

The presence of minor components in a map unit in no way diminishes the usefulness 
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic 
classes but rather to separate the landscape into landforms or landform segments that 
have similar use and management requirements. The delineation of such segments 
on the map provides sufficient information for the development of resource plans. If 
intensive use of small areas is planned, however, onsite investigation is needed to 
define and locate the soils and miscellaneous areas. 

An identifying symbol precedes the map unit name in the map unit descriptions. Each 
description includes general facts about the unit and gives important soil properties 
and qualities. 

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major horizons 
that are similar in composition, thickness, and arrangement. 

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity, 
degree of erosion, and other characteristics that affect their use. On the basis of such 
differences, a soil series is divided into soil phases. Most of the areas shown on the 
detailed soil maps are phases of soil series. The name of a soil phase commonly 
indicates a feature that affects use or management. For example. Alpha silt loam, 0 
to 2 percent slopes, is a phase of the Alpha series. 

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups. 

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. The 
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all 
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example. 

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present or 
anticipated uses of the map units in the survey area, it was not considered practical 
or necessary to map the soils or miscellaneous areas separately. The pattern and 
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example. 

An undifferentiated group is made up of two or more soils or miscellaneous areas that 
could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion of 
the soils or miscellaneous areas in a mapped area are not uniform. An area can be 
made up of only one of the major soils or miscellaneous areas, or it can be made up 
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example. 

Some surveys include miscellaneous areas. Such areas have little or no soil material 
and support little or no vegetation. Rock outcrop is an example. 
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Madison County, Kentucky 

CaB—Caleast silt loam, 2 to 6 percent slopes 

Map Unit Setting 
National map unit symbol: 1 hxkw 
Mean annual precipitation: 37 to 53 inches 
Mean annual air temperature: 44 to 65 degrees F 
Frost-free period: 176 to 212 days 
Farmland classification: All areas are prime farmland 

Map Unit Composition 
Caleast and similar soils: 90 percent 
Minor components: 10 percent 
Estimates are based on observations, descriptions, and transects of the mapunit. 

Description of Caleast 

Setting 
Landform: Ridges 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Interfluve 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Clayey residuum weathered from limestone 

Typical profile 
H1 - 0to7inches: silt loam 
H2-7 to 23 inches: silty clay 
H3 - 23 to 54 inches: clay 
R - 54 to 64 Inches: unweathered bedrock 

Properties and qualities 
Slope: 2 to 6 percent 
Depth to restrictive feature: 40 to 80 inches to lithic bedrock 
Natural drainage class: Well drained 
Runoff class: Low 
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water storage in profile: Moderate (about 8.7 inches) 

Interpretive groups 
Land capability classification (irrigated): None specified 
Land capability classification (nonirrigated): 2e 
Hydrologic Soil Group: C 

Minor Components 

Lowell 
Percent of map unit: 3 percent 

Faywood 
Percent of map unit: 2 percent 
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Nicholson 
Percent of map unit: 2 percent 

Other soils 
Percent of map unit: 2 percent 

Shelbyville 
Percent of map unit: 1 percent 

CaC—Caleast silt loam, 6 to 12 percent slopes 

Map Unit Setting 
National map unit symbol: 1 hxkx 
Mean annual precipitation: 37 to 53 inches 
Mean annual air temperature: 44 to 65 degrees F 
Frost-free period: 176 to 212 days 
Farmland classification: Farmland of statewide importance 

Map Unit Composition 
Caleast and similar soils: 85 percent 
Minor components: 15 percent 
Estimates are based on observations, descriptions, and transects of the mapunit. 

Description of Caleast 

Setting 
Landform: Ridges 
Landform position (two-dimensional): Shoulder 
Landform position (three-dimensional): Side slope 
Down-slope shape: Convex 
Across-slope shape: Linear 
Parent material: Clayey residuum weathered from limestone 

Typical profile 
H1 - 0to7inches: silt loam 
H2-7 to 23 inches: silty clay 
H3 - 23 to 54 inches: clay 
R - 54 to 64 inches: unweathered bedrock 

Properties and qualities 
Slope: 6 to 12 percent 
Depth to restrictive feature: 40 to 80 inches to lithic bedrock 
Natural drainage class: Well drained 
Runoff class: Medium 
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water storage in profile: Moderate (about 8.7 inches) 
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Interpretive groups 
Land capability classification (Irrigated): None specified 
Land capability classification (nonirrigated): 3e 
Hydrologic Soil Group: 0 

Minor Components 

Other soils 
Percent of map unit: 5 percent 

Lowell 
Percent of map unit: 5 percent 

Faywood 
Percent of map unit: 3 percent 

Cynthiana 
Percent of map unit: 2 percent 

FdE—Faywood silt loam, 12 to 30 percent slopes 

Map Unit Setting 
National map unit symbol: 1 hxir 
Mean annual precipitation: 37 to 53 inches 
Mean annual air temperature: 44 to 65 degrees F 
Frost-free period: 176 to 212 days 
Farmland classification: Not prime farmland 

Map Unit Composition 
Faywood and similar soils: 70 percent 
Minor components: 30 percent 
Estimates are based on observations, descriptions, and transects of the mapunit. 

Description of Faywood 

Setting 
Landform: Hills 
Landform position (two-dimensional): Backslope 
Landform position (three-dimensional): Side slope 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Clayey residuum weathered from limestone 

Typical profile 
FH - 0to6 inches: silt loam 
H2 - 6 to 30 inches: silty clay 
R - 30 to 40 inches: unweathered bedrock 

Properties and qualities 
Slope: 12 to 30 percent 
Depth to restrictive feature: 20 to 40 inches to lithic bedrock 
Natural drainage class: Well drained 
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Runoff class: High 
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.57 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water storage In profile: Low (about 4.8 inches) 

Interpretive groups 
Land capability classification (Irrigated): None specified 
Land capability classification (nonlrrlgated): 6e 
Hydrologic Soil Group: 0 

Minor Components 

Other soils 
Percent of map unit: 10 percent 

Fairmount 
Percent of map unit: 5 percent 

Cynthiana 
Percent of map unit: 5 percent 

Caieast 
Percent of map unit: 5 percent 

Lowell 
Percent of map unit: 5 percent 

MuB—Mercer silt loam, 2 to 6 percent slopes 

Map Unit Setting 
National map unit symbol: 1 hxm8 
Mean annual precipitation: 37 to 53 inches 
Mean annual air temperature: 44 to 65 degrees F 
Frost-free period: 176 to 212 days 
Farmland classification: All areas are prime farmland 

Map Unit Composition 
Mercer and similar soils: 90 percent 
Minor components: 10 percent 
Estimates are based on observations, descriptions, and transects of the mapunlt. 

Description of Mercer 

Setting 
Landform: Ridges 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Interfluve 
Down-slope shape: Convex 
Across-slope shape: Linear 
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Parent material: Fine-siity residuum weathered from phosphatic limestone 

Typical profile 
H1 - 0to9 Inches: silt loam 
H2 - 9 to 23 inches: silty clay loam 
H3 - 23 to 40 Inches: silty clay loam 
H4 - 40 to 70 Inches: clay 

Properties and qualities 
Slope: 2 to 6 percent 
Depth to restrictive feature: 17 to 28 inches to fragipan 
Natural drainage class: Moderately well drained 
Runoff class: Low 
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr) 
Depth to water table: About 18 to 24 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water storage In profile: Low (about 4.7 inches) 

Interpretive groups 
Land capability classification (Irrigated): None specified 
Land capability classification (nonlrrlgated): 2e 
Hydrologic Soil Group: D 

Minor Components 

Beasley 
Percent of map unit: 2 percent 

Lowell 
Percent of map unit: 2 percent 

Other soils 
Percent of map unit: 2 percent 

Hagerstown 
Percent of map unit: 2 percent 

Shelbyville 
Percent of map unit: 1 percent 

Lawrence 
Percent of map unit: 1 percent 
Landform: Flats, stream terraces 

NhB—Nicholson silt loam, 2 to 6 percent slopes 

Map Unit Setting 
National map unit symbol: 2s2cz 
Elevation: 460 to 1,140 feet 
Mean annual precipitation: 35 to 59 inches 
Mean annual air temperature: 42 to 68 degrees F 
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Frost-free period: 135 to 218 days 
Farmland classification: All areas are prime farmland 

Map Unit Composition 
Nicholson and similar soils: 90 percent 
Minor components: 10 percent 
Estimates are based on observations, descriptions, and transects of the mapunlt. 

Description of Nicholson 

Setting 
Landform: Ridges 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Interfluve 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Fine-silty noncalcareous loess over clayey residuum weathered 

from limestone 

Typical profile 
Ap- 0to8 inches: silt loam 
Bt- 8 to 28 inches: silt loam 
Btx - 28 to 38 Inches: silty clay loam 
2Bt - 38 to 50 inches: clay 
20 - 50 to 80 inches: clay 

Properties and qualities 
Slope: 2 to 6 percent 
Depth to restrictive feature: 16 to 30 inches to fragipan 
Natural drainage class: Moderately well drained 
Runoff class: Medium 
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr) 
Depth to water table: About 13 to 27 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water storage in profile: Low (about 5.7 inches) 

Interpretive groups 
Land capability classification (irrigated): None specified 
Land capability classification (nonirrigated): 2e 
Hydrologic Soil Group: 0 

Minor Components 

Lawrence 
Percent of map unit: 5 percent 
Landform: Ridges 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Interfluve 
Down-slope shape: Linear 
Across-slope shape: Linear 
Other vegetative classification: Trees/Timber (Woody Vegetation) 

Lowell 
Percent of map unit: 5 percent 
Landform: Ridges 
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Landform position (two-dimensional): Summit 
Landform position (three-dimensional): interfiuve, side slope 
Down-slope shape: Convex 
Across-slope shape: Linear 

uLfC—Lowell-Faywood silt loams, 6 to 12 percent slopes 

Map Unit Setting 
National map unit symbol: 2s2d6 
Elevation: 450 to 1,130 feet 
Mean annual precipitation: 36 to 66 inches 
Mean annual air temperature: 40 to 68 degrees F 
Frost-free period: 144 to 218 days 
Farmland classification: Farmland of statewide importance 

Map Unit Composition 
Lowell and similar soils: 70 percent 
Faywood and similar soils: 20 percent 
Minor components: 10 percent 
Estimates are based on observations, descriptions, and transects of the mapunit. 

Description of Lowell 

Setting 
Landform: Hills 
Landform position (two-dimensional): Backslope 
Landform position (three-dimensional): Side slope 
Down-slope shape: Convex 
Across-slope shape: Linear 
Parent material: Clayey residuum weathered from limestone and shale 

Typical profile 
Ap- 0to8 inches: silt loam 
Bt-8to 41 inches: silty clay 
SO -41 to 53 inches: silty clay 
R - 53 to 63 inches: bedrock 

Properties and qualities 
Slope: 6 to 12 percent 
Depth to restrictive feature: 40 to 57 inches to lithic bedrock 
Natural drainage class: Well drained 
Runoff class: Medium 
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately 

high (0.00 to 0.20 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Calcium carbonate, maximum in profile: 3 percent 
Available water storage in profile: Moderate (about 8.0 inches) 
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Interpretive groups 
Land capability classification (Irrigated): None specified 
Land capability classification (nonirrigated): 3e 
Hydrologic Soil Group: 0 

Description of Faywood 

Setting 
Landform: Hills 
Landform position (two-dimensional): Shoulder 
Landform position (three-dimensional): Side slope 
Down-slope shape: Convex 
Across-slope shape: Linear 
Parent material: Clayey residuum weathered from limestone and shale 

Typical profile 
Ap- 0to7inches: silt loam 
Bt- 7 to 29 inches: silty clay 
R - 29 to 39 inches: bedrock 

Properties and qualities 
Slope: 6 to 12 percent 
Depth to restrictive feature: 20 to 39 inches to lithic bedrock 
Natural drainage class: Well drained 
Runoff class: Medium 
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately 

low (0.00 to 0.14 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water storage in profile: Low (about 4.7 inches) 

Interpretive groups 
Land capability classification (irrigated): None specified 
Land capability classification (nonirrigated): 3e 
Hydrologic Soil Group: D 

Minor Components 

Cynthiana 
Percent of map unit: 5 percent 
Landform: Hills 
Landform position (two-dimensional): Backslope 
Landform position (three-dimensional): Side slope 
Down-slope shape: Convex 
Across-slope shape: Linear 

Sandview 
Percent of map unit: 5 percent 
Landform: Hills 
Landform position (two-dimensional): Backslope 
Landform position (three-dimensional): Side slope 
Down-slope shape: Convex 
Across-slope shape: Convex 
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OtTicial Series Description - CALEAST Series 1 of 2 

Established Series 
Rev. JH\V:JHN 
02 2006 

CALEAST SERIES 

The Caleast series consists of deep iind veiy deep, well drained soils that fonned in residuum weathered from 
limestone interbedded with thin strata of calcareous shale and siltstone. Slopes rmige from 2 to 20 percent. 

TAXONOMIC CLASS: Fine, mixed, active, mesic Mollic Hapludalfs 

TVPIC.\L PEDON: Caleast silt loam—cultivated. (Colors are for moist soil unless othenvise stated.) 

Ap-0 to 7 inches: dark brown (lOVR 3 3) silt loam, brown (lOVR 5 3) diy: moderate tnie and medium granular 
structure: friable: many tnie roots: neutral: clear smooth boundaiy. (6 to 10 inches thick) 

Btl-7 to 13 inches: dark yellowish brown (lOVR 4 4) silty clay: moderate tnie and medium iingular blocky structure: 
finn: many tnie roots: many taint clay tllnis: few tnie (1-2 mm) black (lOVR 2 1) Mn nodules: neutral: gradual 
smooth boundaiy . (0 to 10 inches thick) 

Bt2--13 to 23 inches: diii'k yellowish brown (lOVR 4 4) silty clay: moderate tnie and medium anguhn* blocky 
structure: veiy tniii: common tnie roots: niiiny taint clay tllnis: few tnie (1-2 mm) black (lOVR 2 1) Mn nodules: 
slightly acid: gradual smooth boundaiy . (5 to 20 inches thick) 

Bt3--23 to 54 inches: yellowish brown (lOVR 5 4) clay: common medium taint light yellowish brown (2.5V 6 4) iind 
dark yellowish brown (lOVR 4 4) lithoclu'omic mottles: moderate tnie and medium angular blocky structure: veiy 
finn: few tnie roots: many taint clay tllnis: few tnie (1-2 mm) black (lOVR 2 1) Mn nodules: common black (lOVR 
2 1) Mangans on taces of peds: slightly acid. (10 to 35 inches thick) 

R—54 inches: limestone interbedded with thin strata of calcareous shale and siltstone. 

TYPE LOCATION: Madison County. Kentucky: about 4.7 miles southwest of Riclmiond and 1.5 miles west of 
Caleast. thence 0.1 mile north on t\ii*ni road on ridgetop. and 175 yards east in pasture tleld. 

R.ANGE IN CH.\R.\CTERISTICS: Depth to limestone bedrock is 40 to more than 80 inches. Solum thickness is 40 
to 60 inches, reaction ranges from moderately to mildly alkaline. Eragnients of limestone range from 0 to 5 percent by 
volume. 

The .A horizon has hue of 7.5VR to 2.5 V. value of 3. and chroma of 2 to 4. Value dry is less than 6. Texlure is silt 
loam or silty clay loam. 

Some pedons have thin BE or B.V horizons up to 8 inches thick with colors and texlures similar to the upper Bt. 

The upper pai1 of the Bt horizon has hue of 7.5VR to 2.5V. value of 4 or 5. and chroma of 3 to 6. Texlure is silty clay 
loam or silty clay. 

The lower pai1 of the Bt horizon has similai* colors, but commonly has lithochromic mottles in shades of brown, 
yellow or gray. Texlure is silty clay or clay. 

https: soilseries.sc.egov.usda.gov OSD Docs C C.VLE.VST.html 5 25 2016 



Official Series Description - CALEAST Series Page 2 of 2 

A BC or C horizon with textures similar to the lower Bt is in some pedons. It is commonly variegated without 
dominant hue or chroma and includes chroma of 2 or less. 

COMPETING SERIES: These are the Belpre, Brooke. Fleming. McAfee and Salvisa series in the same family. 
Belpre soils have redder colors in the argillic horizon and lack Mn nodules. Brooke, McAfee and Salvisa soils are 
moderately deep to bechock. Fleming soils have paralithic contact and redder colors in the argillic horizon. 

GEOGRAPHIC SETTING: Caleast soils are on upland ridgetops and side slopes. Slopes range from 2 to 20 percent 
and some areas are karst. The soils formed in clayey residuum weathered from limestone interbedded with thin layers 
of shale and siltstone. The average annual temperature is about 54 degrees F., and average annual precipitation is 
about 45 inches. 

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Cvnthiana. Lowell. Fairmount. Favwood. and Lowell, 
Maurv. Salvisa and Shelbvville series. Cynthiana, Faywood, Lowell, Maury and Salvisa soils do not have mollic 
epipedons. Shelbyville soils are fine-silty. Cynthiana and Fairmount soils are shallow. Faywood and Salvisa soils are 
moderately deep. 

DRAINAGE AND PERMEABILITY: Well drained with moderately slow permeability. Runoff is medium on 
slopes less than 5 percent and high on slopes greater than 5 percent. 

USE AND VEGETATION: Nearly all areas are used for growing hay, com, tobacco, and small grains or as pasture. 
Native vegetation is chiefly hardwoods interspersed with grassy glades. The dominant tree species are oaks, black 
walnut, hickory, ash, hackberry, elm and maple. 

DISTRIBUTION AND EXTENT: The Bluegrass region of Kentucky and possibly southwestem Ohio. Total extent 
probably is moderate. 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Morgantown, West Virginia 

SERIES ESTABLISHED: Madison County, Kentucky; 1968. 

National Cooperative Soil Survey 
U.S.A. 

https://soilseries.sc.egov.usda.gOv/OSD_Docs/C/CALLAST.htnil 5/25/2016 
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Title 
Madison's Heritage (Ice Co.) 

Description 

Before the invention of the electric refrigerator the people of Richmond and Madison County were able to have ice for summer use only through a rather difficult process. 

In the coldest part of winter when the ice would form in a thick layer on ponds and lakes the people would use saws to cut the ice into blod<s which were then carried to a special 
"icehouse" built in the ground nearby. Not only were the blocks heavy but the work of sawing them out was dangerous for those who walked on the ice. There also was serious 
concern about the purity of the ice since some germs in the water could survive the freezing. Typhoid fever especially was feared. 

Although there were several attempts at operating small icemaking machines in the late 1800's, large scale ice manufacturing did not appear here until 1905, when the 
Richmond Ice Company was organized. The present ice plant building is the original one, built to the dimensions of 152 by 84 feet. A large amount of high quality machinery was 
installed and the small take was made in order for the plant to have its own water supply. A cold storage section was also erected. 

In 1910 the company officers were H.B. Hanger, president; LB. Weisenburg, secretary-treasurer; W.B. Craven superintendent, and John S. Conway manager. 

In an effort to produce pure ice the water was distilled twice at a temperature considerably above 212and then filtered three times. Forty tons of this pure ice could be made each 
day. 

A railroad spur was built so that cars of both the L&N and the L&A (the new name of the RINB Railroad) could be loaded directly from the building. The L&N found the Richmond 
plant quite handy for it was the only such ice plant on the railroad between Cincinnati and Atlanta. 

In the early days of the company enclosed horse-dra\w wagons were used for local delivery. By the 1930's, specially built open wagons were drawn through the streets of the 
city with tiie large blocks of ice covered by tarpaulins. Housewives were supplied with cards with the large numbers, 25, 50, 75 and 100, in different positions to be displayed on 
the front porch so that the driver could tell by a glance from the street which home needed how much ice that day. After a block of the proper size was chipped off the iceman 
would throw on his rubber apron over his back and, using his ice tongs, carry the block to the back door of the house. There he would put it in the big oaken icebox. 

Those of us who grew up in Richmond in the 1930's can remember a lot of happy moments on hot summer days vA^ren we would run after the slowly moving ice wagon and jump 
on the tailgate to grab a deliciously cold fresh chip. 

Creator 
Dr. Robert Grise 

Date 
2/10/1971 

Rights 

Content may be freely copied for personal and educational purposes with appropriate citation. Permission is required to reprint. 
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Popular Science MonthlyA^olume 39/May 1891/Ice-
Making and Machine Refrigeration 
From Wikisource 

< Popular Science Monthly | Volume 39 | May 1891 

ICE-MAKING AND MACHINE REFRIGERATION. 

BY FREDERIK A. FERNALD. 

HE manufacture of ice now bids fair to become a regular industry in temperate as 
well as in tropical climates. Pioneer work in this field was done more than sixty 
years ago, but it is only within the last ten years that the groping attempts of the 

early inventors have developed into processes sufficiently economical to make the 
artificial production of ice a commercial success. Artificial ice has been made in tropical 
countries and in our Southern cities for many years, but the industry has been greatly 
extended in this country by the two successive mild winters of 1888-'89 and 1889-'90. It 
has now gained a foothold even in our Northem States, while in the South comparatively 
small towns have their ice factories. 

The scientific fact on which the making of artificial ice depends is that when a liquid 
evaporates it uses up a great deal of heat, which it draws from anything that happens to 
be around it. If a can of water is at hand, its temperature is reduced, and if the action 
goes far enough the water will be frozen. This cooling action can be felt by pouring a 
little ether or alcohol upon the hand. The liquid evaporates rapidly, and the loss of the 
heat which it takes up cools the hand very perceptibly. If a bottle containing water is 
kept wet on the outside with ether, the evaporation will chill the water and eventually 
freeze it. This is essentially the process by which the carafes frappees of French 
restaurants are produced. The decanters filled with fresh water are set in shallow tanks 
containing brine, which remains liquid below the temperature at which fresh water 
freezes. In contact with these tanks are receivers, which can be kept charged with newly 
formed ether vapor. The chilling vapor cools the brine, and this in turn takes heat from 
the water in the decanters, which soon freezes. 

In making ice on the large scale, either ammonia or sulphurous oxide is used instead of 
ether, because these substances are cheaper and are not inflammable. Ammonia is a gas 
or vapor at ordinary temperatures. What is commonly called ammonia, or, more 
properly, ammonia water, is water with several hundred times its volume of this gas 
dissolved in it. For ice-making, anhydrous ammonia—that is, ammonia perfectly free 
from water—is used. The first thing to do is to get the ammonia into the liquid form. 
There are two ways of condensing a vapor to a liquid—by cold and by pressure. 
Practically it can be done easiest by combining the two. The ammonia gas is subjected to 
pressure, and forced through a coil of pipe called a condenser, where it is cooled by 
water from any convenient supply running down over the pipes. By this means the latent 
heat in the gas is pressed out, and is taken up and carried away by the water. After being 
liquefied in the condenser the ammonia is forced into pipes larger than the liquid can fill, 
where it immediately expands into a vapor and exerts its chilling effect. 

Two methods of making ice, which differ, however, in only one step of the process, are 

now in use. In a factory established last year in New York city, which the writer has 

been permitted to go through, the "compression system" is used, with anhydrous 

ammonia as the cooling agent. The machinery employed consists of a powerful pump 
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driven by steam, with which is connected the necessary condensers, piping, etc. Liquid 

ammonia is supplied by the makers of ice machines in strong iron drums. The ammonia 

is run into a cylindrical iron tank, from which it is allowed to pass through a small 

orifice into the coils of pipe in the freezing tank. In this factory the freezing tanks are of 

iron, about twenty by fifty feet in size, and four feet deep. Over them is a floor, which is 

cut up into rows and lines of rectangular covers. Each of these lifts up, showing a can 

under it, twenty-two by eleven inches in size, and forty-four inches deep. The tank 

contains a brine of regulated strength, and the cans when filled with the water to be 

frozen float in this brine, coming within an inch or two of the bottom of the tank. Back 

and forth across the 

rii-

FIG. 1.—^INTERIOR OF AN ICE FACTORY. 

tank, between the rows of cans, run the coils of pipe through which the ammonia passes. 
The evaporation of the ammonia constantly going on within this system of pipes cools 
the brine down to 15° or 18° Fahr. In order to equalize the temperature in all parts of the 
tank the brine is kept in constant circulation by a revolving agitator, which resembles a 
propeller-screw. Surrounded by this fngid liquid the water in the cans becomes 
congealed to uniform hard blocks of ice, weighing about three hundred and twenty 
pounds each. A tank of the dimensions above given contains five hundred cans. About 
sixty hours are required for the freezing process. 

In Fig. 1 the tank, with its flooring, is shown in the middle of the building. To the right 
of this is the pump, and at the extreme right is the boiler-room. Over the tank is a 
traveling crane, by which the cans containing the ice are lifted out and conveyed to one 
end of the room. The crane consists of a beam, with a pair of wheels under each end, 
which travel on tracks six or seven feet above the floor. By means of the tackle hung 
from this beam a man raises a can of ice above the floor, and then pushes the crane with 
its load to the end of the room. Here the can is put into a sort of swinging box and tilted 
over into a slanting position, mouth downward. Tepid water is then allowed to run over 
the can from a line of small jets on each side. In two or three minutes the block of ice is 
melted free from the can and slides through a shute into the ice-house. The box is an 
automatic contrivance, and, as soon as the ice has left it, it reverses, turning the can 
upright and shutting off the water. In some factories the can is dipped into a tank of 
warm water to loosen the ice. In the figure, a can is seen suspended from the crane; at the 
back, under the middle window, is the small tank of warm water for dipping the cans; 
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and in frc^nl c^f the next windc^w Iwc^ bbcks c^f ice are King. The rc^c^m at the left is the 
ice-hc^use. It has dc^uble walls packed with nc^n-cc^nducling material, and is shc^wn with 
twc^ la\'ers c^f blc^cks in it. 

The ammc^nia gas. after passing thrc^ugh the cc^ils c^f pipe in the freezing tank, is drawn 
thrc^ugh a pipe intc^ the great pump, where b\' the return strc^ke c^f the pistc^n it is 
cc^mpressed and tbrced c^ut thrc^ugh anc^ther pipe intc^ the cc^ndenser. In Fig. 2 the 
cc^ndenser is shc^wn in an upper rc^c^m. It cc^nsists c^f se\'eral cc^ils c^f pipe. (:^\'er which 
cc^ld water is kept running. The small pipes which run dc^wn c^bliqueK' frc^m the ends c^f 
the Cecils are tc^ carry awa\' the ammc^nia as it becc^mes liquefied intc^ the steerage tank, 
which is the hc^rizc^ntal c\iinder c^n the tlc^c^r with the cc^ndenser. Frc^m the steerage tank 
the ammc^nia. still under pressure, passes dc^wn intc^ c^ne c^f the large \'ertical c\iinders 
shc^wn in the bwer part c^f the figure, and frc^m this it gc^es intc^ the expansic^n cc^ils in the 
freezing tank, and passes again thrc^ugh the c\'cle c^f c^peratic^ns just described. The same 
ammc^nia is thus used (:^\'er indefmiteK'. The pressure tc^ which the ammc^nia is subjected 
in this apparatus ranges frc^m c^ne hundred and twent>'-fi\'e tc^ c^ne hundred and se\'ent>'-
fi\'e pc^unds per square inch. The pump, shc^wn in the Ic^wer part c^f Fig. 2. is c^ne c^f 
se\'eral makes. It has twc^ cc^mpressic^n c\'linders. seen at the tc^p c^f the tall .A-shaped 
frame. The pistc^n-rc^ds wc^rk \'erticall\' beneath these c\'linders. and are cc^nnected b\' 
cranks and cc^nnecting-rc^ds tc^ the pistc^n wc^rking in the steam-c\iinder seen at the right. 
The use c^f the ammc^nia in making ice can be cc^mpared tc^ the use c^f a spc^nge in baling 
a bc^at. .As the spc^nge sc^aks up water frc^m the bc^ttc^m c^f the bc^at. and after being 
squeezed (wer the side is read\' tc^ sc^ak up mc^re. sc^ the ammc^nia sc^aks up. as it were, 
heat frc^m the water tc^ be frc^zen: and. after this has been squeezed c^ut b\' the 
cc^mpressc^r. the liquid is read\' tc^ take up mc^re heat. 

The water frc^m which the ice is made in the New Yc^rk factc^ry. pre\'i(:^usl\' mentic^ned. is 
frc^m the cit>' suppK' (Crrc^tc^n). Betbre being frc^zen it is purified b\' filtering and 
distillatic^n. It is first filtered, then C(:^n\'erted intc^ steam in \'ertical broilers abc^ut twent\' 
feet high: the steam is cc^ndensed and again filtered in steam filters filled with cc^ke. The 
cc^ndensatic^n is effected b\' placing the filters in the c^pen air c^n the rc^c^f c^f c^ne c^f the 
buildings, and circulating arc^und them water pumped frc^m the ri\'er. near which the 
factc^iy is bcated. .After lea\'ing the steam filters and cc^ndensers. the water is further 
cc^c^led b\' passing thrc^ugh a cc^c^ler similar tc^ the cc^ndenser used tbr the ammc^nia. .After 
lea\'ing the cc^c^ler. the water is filtered thrc^ugh charcc^al. and is then read\' tc^ gc^ intc^ the 
cans. It is filled intc^ them thrc^ugh a hc^se. which ends in a bng nc^zzle. cc^ntaining a 
patented de\'ice that pre\'ents air frc^m being carried dc^wn intc^ the water. In carder tc^ 
make clear ice. the tbrmatic^n c^f air-bubbles in it must be pre\'ented. Water alwa\'s 
cc^ntains sc^me air. which is dri\'en c^ut b\' broiling. When bc^iled water is frc^zen. the ice 
cc^ntains c^nK' what little air is absc^rbed b\' the water while it is being cc^c^led dc^wn tc^ the 
freezing-pc^int. The artificial ice. theretbre. is clear except a thin hyer running 
lengthwise thrc^ugh the middle c^f the cake—the part that freezes last. .A \'eiy attracti\'e 
exhibit tbr a market is made b\' putting meat, i'ish. truit. and ilc^wers intc^ cans c^f water 
and ireezing them intc^ the clear ice. .Articles ha\'ing smc^c^th suriaces. and cc^nsequentK' 
tew cre\'ices in which air-bubbles can cling. gi\'e the best results. 

It was mentic^ned earl\' in this article that sulphureous (Oxide is used as a C(0(oling agent in 

making ice. This is the ch(oking gas that is ibrmed when sulphur bums. .An ice machine 

empb\'ing anh\'dr(Ous sulphunous (Oxide is made, which, as it W(orks 
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FIG. 2.—^AN AMMONIA-COMPRESSION ICE MACHINE. 

according to the "compression system," like the ammonia machine just described, 
necessarily has the same essential parts, though differing somewhat in form and 
arrangement. It uses a brine made from magnesium chloride instead of common salt. 

There is also a class of ammonia machines, that operate on what is called the "absorption 
system." In these machines the operation starts with ammonia water instead of 
anhydrous ammonia. The liquid is heated in a boiler, and a mixture of about nine parts 
ammonia gas and one part steam is driven off from it. The mixed vapors pass first into a 
rectifier, where most of the steam is condensed to water, which runs back into the boiler. 
The temperature in the rectifier is not low enough to condense the ammonia, which 
passes on, now nearly free from water, into the condenser. Here it is liquefied by the 
joint action of cold and pressure, only the pressure is not supplied by mechanical means, 
but by the expansive force of the stream of vapor that is constantly being driven out of 
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the boiler. The liquid ammonia next passes into the expansion coils in the freezing tank, 
just as in the compression system. After doing its work the gas is led into an "absorber," 
which is very similar to the condensers already described. Here it is reabsorbed by the 
water that it was originally driven out of, this water ("poor liquor" it is called) having 
been forced out of the boiler by the pressure prevailing in it and cooled for the purpose. 
It is this operation that gives the name to the absorption system. The resulting solution of 
ammonia is returned to the boiler by a pump and begins again the same round of 
operations. 

In hot climates natural ice is an expensive luxury, as it must be brought long distances, 
and suffers much loss from melting. In those regions the artificial product has a great 
advantage in respect to cost. Even where there is usually a cold winter, as in the northern 
United States, a failure of the ice-crop sometimes occurs in the fields usually depended 
upon, followed by a more or less necessary increase in price the following summer. Ice 
machines have now reached such a high degree of efficiency that their product can 
compete with natural ice in these latitudes. In the summer of 1890 the price of natural ice 
to families in New York was a dollar a hundred-weight, while artificial ice sold for fifty 
cents. No doubt further improvements in machinery and methods will be invented, which 
will make it possible to furnish ice at a still lower price than now, and will lead to a freer 
and more general use of this commodity. Not only can artificial ice be sold at a lower 
price than the natural in most markets, but it is more economical, for the reason that it 
does not melt so fast. This is because it is frozen without the interruptions that allow 
layers of bubbles to collect under natural ice formed on still water, and it contains no soft 
snow-ice. It is, therefore, more compact than any but the very best of the natural product. 

Another advantage that is claimed for artificial ice is, that when made from distilled 
water it is free from the impurities that natural ice sometimes contains. Nearly all natural 
water contains considerable numbers of bacteria, many of which are derived from the 
sewage discharged into some lakes and rivers from which ice is cut. It is commonly 
believed that water in 

FIG. 3.—^RiNK OF ARTincAL ICE IN PARIS. 

freezing purines itself from all kinds of contamination, but Dr. T. M. Prudden has shown 
in this magazine that the truth is otherwise. In his article on Our Ice-supply and its 
Dangers (Popular Science Monthly for March, 1888) he says: 
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A great deal of careful experiment has shown that water in freezing largely expels its coarser 
visible contaminations, and also that a large proportion of the invisible bacteria which it contains 
may be destroyed, even as many as ninety per cent. But still large numbers may remain alive, for 
many species are quite invulnerable to the action of cold. It has been found that in ice formed from 
water containing many bacteria, such as water with sewage contamination, the snow-ice almost 
invariably contains many more living bacteria than the more solid, transparent part; so that the 
snow layer should be especially avoided in ice obtained from questionable sources. Unfortunately, 
the bacteria which cause typhoid fever are not readily killed by cold, and may remain alive for 
months, fast frozen in a block of ice. 

As the neighborhood of our ice-fields becomes more thickly-settled, and the demand for 
ice also increases, the danger that frozen filth will be served out to consumers of ice will 
increase likewise. It is fortunate that the artificial process stands ready to shield us from 
this peril. 

Utility has not entirely monopolized the artificial production of ice; it has been made to 
serve sport as well. About 1875 a Mr. Gamgee, in England, constructed a rink of 
artificial ice for summer skating, and several others have been made in that country. In 
1889 an immense rink of this kind was established in Paris, circular in form and one 
himdred and seventy feet in diameter. Around the sheet of ice was a promenade over 
seven yards wide. 

— . —— 

FiG. 4.—^ARRANGEMENT OF THE EXPANSION COILS IN A RDSTK IN PARIS. 

and outside of this were placed seats for spectators, a band-stand, etc., the whole being 
covered by an arched roof. The arrangement of this rink is shown in Fig. 3. The ice-sheet 
was formed on a concrete bed, upon which lay an immense coil of iron pipe, as shown in 
Fig. 4, having a total length of ten miles. The pipe was of an inch and a quarter internal 
diameter, and the lengths were placed five inches apart. Through this coil the ammonia 
circulated, the absorption system being used to effect the congelation. 

The machines with which ice is made have also another and up to the present time a 
larger application. This is the production of cold in breweries, abattoirs, markets, and 
cold storage 
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FIG 5.—A ROOM A COLD STORAGE WAREHOUSE. 

houses. The fermentation of beer must take place at quite a low temperature, which must 
be steadily maintained; hence energetic and continuous cooling of the wort has to be 
provided for. The brewers were formerly among the largest customers of the ice 
companies, but now nearly every brewery has a refrigerating machine of its own, and 
more machines are used by them than by all other users put together. No ice is made 
with these machines, except for packing beer for shipment, as the cooling required can 
be accomplished more conveniently by circulating cold brine or cold fresh water in pipes 
where it is needed. 

The system of cold storage which has sprung up within the past few years has been made 
possible by this same process. Immense quantities of meat and other perishable 
provisions are now kept in great warehouses until wanted, thus insuring a steady supply 
to the consumers in our large cities. The provisions, when brought into these buildings, 
have the temperature prevailing outside, and warm the air that comes in contact with 
them. This air rises into a loft, where it comes in contact with pipes containing cold 
brine, becomes chilled, and descends through flues to the room below, entering it near 
the floor. This circulation goes on until the provisions have been cooled down to the 
temperature of the room. The air may be cooled, also, without the use of brine, by letting 
it come in contact with the coils in which the ammonia expands. Air has also been used 
direct for the production of cold by compressing it. Like condensed ammonia, it takes up 
much heat in expanding to its ordinary volume, but this system is not economical. In Fig. 
5 a somewhat different arrangement is represented. Where there is not space for the loft, 
the expansion coils may be placed in the same room with the provisions. Before 
refrigerating machines came into use, refrigeration on the large scale had been tried with 
ice, and had failed. This was owing to the dampness imparted to the air by the melting 
ice. The brine or ammonia coils not only do not add any moisture to the air, but even 
withdraw a great deal that it naturally contains. This moisture becomes condensed on the 
pipes as the air circulates around them, and makes itself visible as a gleaming white 
coating of hoar-frost. On board steamers, machines are employed both to preserve 
dressed meat and to prevent live cattle transported through tropical regions from dying 
of the heat in their confined quarters. Machines of moderate size also find application in 
hotels—two of the recently built houses in New York have them—in dairies, chocolate 
factories, and they are used also in making stearin and margarin, in rectifying alcohol. 
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extracting paraffin from petroleum, etc. A machine of the size represented in Fig. 2 will 
produce a refrigerating effect equal to that obtained by the consumption of two hundred 
and twenty tons of ice a day, or it will make one hundred and thirty tons of solid ice 
daily. The company that makes this style of machine is now building one of three 
hundred tons refrigerating capacity, which will be the largest in the world. But that is 
soon to be exceeded, as the contract is already made for a five-hundred-ton refrigerating 
machine. 

Artificial refrigeration has also been applied to sinking shafts and driving tunnels 
through quicksand and loose wet gravel. These materials wash into an excavation as fast 
as they are removed, and in many cases progress through them is next to impossible by 
ordinary methods. The difficulty is overcome by freezing the loose soil around or in 
front of the work. This process was first used by a German mining engineer in 1883. In 
sinking a shaft, pipes of about eight inches diameter are driven down in a ring around the 
place of the proposed excavation. A brine, cooled to within a few degrees of 0° (Fahr.), 
is sent down through an inner pipe and returns through the space between the two pipes. 
By this means a cylinder of the wet earth is frozen, within which the digging is done and 
the lining of the shaft put in place. The core of the cylinder which is to be removed will 
be partly or wholly frozen, according to the degree of refrigeration employed. Frozen 
quicksand looks like a fine-grained sandstone, and is about as hard to cut through. 

Those who are acquainted with the history of invention, will not be surprised to leam 
that the Asiatics were centuries ahead of us in the making of ice, as in the use of 
gunpowder, the compass, etc. Ice has long been made in India by the following method; 
Pits two feet deep and twenty or thirty feet square are dug in a large, open field, and 
about half filled with straw. After sunset shallow dishes of porous clay are placed on the 
straw and water is poured into them. The rapid evaporation of part of the water, assisted 
by the radiation of heat from the straw, chills the water remaining, and, if the night is 
favorable, thin sheets of ice form in the pans by morning. The operation is most 
successful when the sky is clear and a gentle dry breeze is blowing. Although we of the 
Western world have clearly been anticipated in producing ice artificially, we may still 
claim the superior credit that our process has not remained stagnant for generations, but 
has achieved many of the possibilities that have been open to it, and become independent 
of such limitations as the state of the weather, and others that hamper the operations of 
the "gentle Hindoo."For the electrotypes of Figs. 2 and 5 in this article I am indebted to 
the courtesy of the De La Vergne Refrigerating Machine Company. 
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https://en.wikisource.org/wiki/PopulM%22_Science_Monthly/Voliune_39/May_1891/Ice-Making_and_Machin
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RICHMOND'S QUALITY WATER REPORT 
INFORMATION ABOUT YOUR DRINKING WATER 

PWSID# KY0760370 

BILLING INFO 859-623-2323 

Richmond Utilities consistently 
strives to produce water of high 
quality. We are pleased to report 
that we have not had any 
violations of a contaminant level. 
This brochure is a summary of the 
quality of water provided to our 
customers last year (2015). It is 
also a record reflecting the hard 
work by our employees to 
continue to produce water which 
is equal to or better than state and 
federal regulations for drinking 
water. 

Included in this report are the 
details of where your water comes 
from, what it contains, and how it 
compares to the standards set by 
regulatory agencies. Richmond 
Utilities is committed to 
providing you with information 
about your water, because 
customers who are well informed 
are our best allies in supporting 
improvements necessary to 
maintain the highest drinking 
water standards. 
We work around the clock to 

provide top quality water to every 
tap. We ask all our customers to 
protect our water sources, which 
are the heart of our community 
and our children's future. 

Representation of The Treatment Process 

RICHMOND UTILITIES 
P.O. BOX 700 

300 HALLIE IRVINE STREET 
RICHMOND, KY 40475 

Water Process 
Imnrovements in 2015 

1. Installed backup power 
at water storage facility 

2. Installed underground 
electrical service at water 
plant 

3. Replaced 500 feet of 4 
inch water line on West 
Walnut 

Plans for 2016 

1. 

2. 

3. 

4. 

Update distribution te­
lemetry sytem 

Replace 1000 feet of 6 
inch line on Four Mile 

Replace 4 inch line with 6 
inch line on 1st Street 
from Main St to Water St 
Replace 6 inch Westover 
line with 8 inch line 
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En Espanol 
Este folleto le muestra como que Richmond Utilities continua 
proveyendolo a usted de un servicio de agua segura y confiable. 
Si tiene usted preguntas acerca de la calidad del agua, llame a 
Lonnie Banks, al telefono 858-623-2323 durante las horas regu-
lares de oflcina. 

Sources of Richmond's Drinking Water 

Our source water is the Kentucky River. It is a surface water source. 
Sources of drinking water, botli tap and bottled water, include rivers, 
lakes, streams, ponds, reservoirs, springs and wells. As water travels 
over the land's surface or through the ground, it dissolves naturally 
occurring minerals and radioactive material, and can be polluted by 
animals or human activity. Several contaminants that may be foimd in 
imtreated source water include: biological contaminants (such as vimses 
and bacteria, that may come from sewage treatment plants, septic 
systems, agricultural livestock operations, and wildlife); inorganic 
contaminants (such as salts and metal, that can be naturally-occurring or 
result from urban stormwater runoff, industrial or domestic wastewater 
discharges, oil and gas production, mining, or farming); pesticides and 
herbicides (which may come from a variety of sources such as agricul­
ture, urban stormwater mnoff, and residential uses); organic chemicals 
(including synthetic and volatile organic chemicals, which are byprod­
ucts of industrial processes and petroleum production, and can also come 
from gas stations, urban stormwater runoff, and septic systems); and 
radioactive materials (which can be naturally-occurring or be the result 
of oil and gas production and mining activities). 

To ensure that tap water is safe to drink, the Environmental Protection 
Agency (EPA) prescribes regulations that limit the amoimt of certain 
contaminants in water provided by public water systems. The Food and 
Dmg Administration regulations establish limits in bottled water that 
shall provide the same protection for public health. 

Drinking water, including bottled water, may reasonably be e}q)ected to 
contain at least small amounts of some contaminants. The presence of 
contaminants does not necessarily indicate that water poses a health risk. 
More information about contaminants and potential health effects can be 
obtained by calling the U.S. Environmental Protection Agency's Safe 
Drinking Water Hotline at 1-800-426-4791. 

The Safe Drinking Water Act Amendments of 1996 require every 
water system to prepare a source water assessment that addresses the 
system's susceptibility to potential sources of contamination. This study 
indicates that our susceptibility is generally moderate. Forested areas 
comprise 3% or more of the land areas witliin this zone. Logging within 
these areas could result in soil erosion, and therefore non-point source 
pollution, if Best Management Practices (BMP) are not carefully 
followed. Similarly, areas of row crops pose a potential threat to 
Richmond's intake, as tillage, the application of pesticides, and the 
application of fertilizers could become non-point-source pollutants if 
BMP's are not carefully followed. Two bridges, a segment of the CSX 
railroad, areas of row crops, and an active Superfrmd Site also occur 
within close proximity to the water source. Other potential contaminant 
sources within Richmond's Zone of Potential Impact include major 
roads, sewer lines, abandoned and non-permitted oil and gas wells, 
Superfrmd sites and pasturelands. The plan is available for review 
during regular business hours at the Richmond Utilities Office at 300 
Hallie Irvine Street. 

Special Info Available.' "Somepeople may be more vulnerable 
to contaminants in drinking water than the general population. 
Immuno-compromisedpersons-such as persons with cancer 
undergoing chemotherapy, persons who have undergone organ 
transplants, people with HIV/AIDS or other immune system 
disorders, some elderly, and infants can be particularly at risk 
from infections. These people should seek advice about drinking 
water from their healthcare providers. Environmental Protection 
Agency and Centers for Disease Control guidelines on 
appropriate means to lessen the risk of infection by 
Cryptosporidium and other microbial contaminants are available 
from the EPA's Safe Drinking Water Hotline (800-426-4791)." 

For questions about the quality of our drinking water, or of this report, contact 
Lonnie Banks at the water office. The telephone number is (859) 623-2323. Our 
board meetings are also open to the public, and we welcome your comments. The 
meetings normally take place on the 4'*' Wednesday of each month at 8:30 A.M. 
These meeting are held at our Utihty Office located at 300 HaUie Irvine Street. 



TREATED WATER QUALITY SUMMARY 

Detected Substance 
(Date) 

Highest Level Detected 
(Ranae of Detection) 

Highest Level Allowed 
(EPA's MCL)^ 

Ideal Goals 
(EPA's MCLG)" 

Sources of 
Cootaminaots 

if "1 reatr^ent Plant 
Gross Alpha (1/5/11) 0.4 pCi/L (0-0.4) 15 pCi/L OpCi/L Erosion of Natural Deposits 

Barium (4/7/15) 0.023 ppm (NA) 2 ppm 2 ppm Erosion of Natural Deposits 

Fluoride (4/15) 0.7 ppm 4 ppm 4 ppm Natural Geology/Sediment 
Nitrate (10/21/15) 0.3 ppm (NA) 10 ppm 10 ppm Erosion of Natural Deposits 

Combined Radium (1/5/11) 
(measured as Radium 228) 

0.3 pCi/L (0-0.3) 5pCi/L OpCi/L Erosion of Natural Deposits 

Regulated at Customer's Tap 

Copper (8/13) 

Lead (8/13) 

0.221 ppm (0.073-90th 
percentile) 

4ppb (0-90th percentile) 

1.3 ppm (Action Level^) 

15 ppb (Action Level) 

1.3 ppm 

Oppb 

Consumer plumbing & Service 
connection 

Consumer plumbing & Service 
Coimection 

Regulated in the Distiibutiou 
Svsteni 

Total Trihalometlranes 58ppb ava (6-97) 80 ppb Oppb Disinfection interaction 

Haloacetic Acids 47 ppb avg (5-70) 60 ppb Oppb Disinfection interaction 

Chlorine/Chloramine 1.22ppmavg (0.73-1.6) MRDr'^ = 4.0 mg/L MRDLG"^ =4.0 mg/L Added to control microbes 

Particulate Test Results 
Turbidity (6/13/15) 0.13 NTU (<13 100%) Treatment Technique*"^ None Natural River Sediment 

Total Oraanic Carbon 1.27ratioavg (0.89-1.67) Treatment Technique^ None Natural River Sediment 

<.13 100 % indicates that 100 % of the time, the produced water was at or below the maximum allowable level for turbidity. Turbidity has no health effects, but it 
is used to monitor the effectiveness of the treatment process. However, turbidity can interfere with disinfection and provide an environment for microbial growth. 
The allowable level is < {less than) .3 NTU 95% of the time or no more than 1 NTU in any representable sample. The test unit NTU actually is a measurement of 
the clarity of the water. A turbidity value of 5 NTU would be just slightly cloudy in appearance. 

The treatment technique for Total Organic Carbon (TOG) is based on the lowest running average for the monthly ratios of the % TOG removal required. A mini­
mum ratio of 1.00 is required to meet this treatment technique. We are pleased to note that we did achieve this removal rate. 

Listed above are the contaminants detected in Richmond's drinking water during 2015 or as otherwise noted. Samples for total coliform are 
monitored on a monthly basis. There were no total coliform positive samples in 2015. NOT LISTED are the non-detected values of the 
other contaminants monitored for in 2015. The results of all monitoring performed are available at the water office. Our source water has 
been tested for Cryptosporidiiun and one Cryptosporidiimi was found to be present. 



DEFINITIONS: 

Maximum Contaminant Level (MCL) 
"The highest level of contaminant that is allowed in drinking water. 
MCL's are set as close to the MCLG's as feasible using the best avail­
able treatment technology. 
Maxuntim Contaminant Level Goal (MCLG) 

"The level of a contaminant in drinking water below which there is 
no known or expected risk to health. MCLG's allow for a margin 
of safety." 
3 Maximtiin Residual Disinfectant Level (MRDL) 
"The highest level of a disinfectant allowed in drinking water. There is 
convincing evidence that addition of a disinfectant is necessary for 
control of microbial contaminants." 
4 Maximum Residual Disinfectant Level Goal (MRDLG) 
"The level of a drinking water disinfectant below which there is no 
known or expected risk to health. MRDLGs do not reflect the benefits 
of the use of disinfectants to control microbial contaminants." 

Action Level-The concentration of a contaminant which, if exceeded,, tri^ers treatment or other 
requirements that a water system must follow. 
Treatment Technique- A required process intended to reduce the level of a contaminant in drinking 

water. 
EPA-Environmental Protection Agency 
NA-indicates that only one test was performed . A range does not apply. 
ND- Not detected. Result was below instrument detection limit. 
Pci/1- a measure of radioactivity 
NTU- Standard turbidity unit 
ppm- part per million (equivalent to one minute in 2 years), 
ppb- part per billion (equivalent to one minute in 2000 years). 
Ratio- For TOC's, this is obtained by dividing the TOC of the untreated water by the TOC of the 
treated water. 

Lead and Copper values are based on the 90"' percentile of monitoring results. We are please to report that no sample result exceeded the action level. 

Information About Lead: If present, elevated levels of lead can cause serious health problems, especially for pregnant women and young children. Lead in drinking water is 
primarily from materials and components associated with service lines and home plumbing. Your local public water system is responsible for providing high quality drinking 
water, but can not control the variety of materials used in plumbing components. When your water has been sitting for several hours, you can minimize the potential for lead 
exposure by flushing your tap for 30 seconds to 2 minutes before using water for drinking or cooking. If you are concemed about lead in your water, you may wish to have your 
water tested. Information on lead in drinking water, testing methods, and steps you can take to minimize exposure is available from the Safe Drinking Water Hotline or at http:// 
www.epa.gov/safewater/lead. 

What is Cryptosporidium? 
Cryptosporidium is a microbial pathogen found in surface water throughout the United States. Although filtration removes Crypto­
sporidium, the most commonly used filtration methods cannot guarantee 100 percent removal. 
Ingestion of Cryptosporidium may cause cryptosporidiosis, an abdominal infection. Symptoms of infection include nausea, diar­
rhea and abdominal cramps. Most healthy individuals can overcome the disease within a few weeks. 
People with severely weakened immune systems have a risk of developing life-threatening illness. We encourage such individu­
als to consult their doctor regarding appropriate precautions to take to avoid infection. 
Cryptosporidium must be ingested to cause disease, and it may be spread through means other than drinking water. 
The U.S. EPA issued a rule in January 2006 that requires systems with higher Cryptosporidium levels in their source 
water to provide additional treatment. To comply with this rule, Richmond Utilities conducted 24 consecutive 
months of monitoring for Cryptosporidium in our raw water sources. We detected the no Cryptosporidium organisms in the 
Kentucky River during that testing, but we did have a detect of 1 organism in July 2015. Based on the results of our Crypto­
sporidium monitoring, no additional treatment will be required by the U.S. EPA regulation. 

http://www.epa.gov/safewater/lead


Health Effects 

Turbidity. Turbidity has no health effects. However, turbidity can interfere with disinfection and provide a medium for microbial growth. Turbidity 
may indicate the presence of disease-causing organisms. These organisms include bacteria, viruses, and parasites that can cause symptoms such as 
nausea, cramps, diarrhea, and associated headaches. 

Haloacetic acids, or HAA. Some people who drink water containing haloacetic acids in excess of the MCL over many years may have an increased 
risk of getting cancer. 

TTHMs [Total Trihalomethanes]. Some people who drink water containing trihalomethanes in excess of the MCL over many years may experi­
ence problems with their liver, kidneys, or central nervous systems, and may have an increased risk of getting cancer. 

Chlorine. Some people who use water containing chlorine well in excess of the MRDL could experience irritating effects to their eyes and nose. 
Some people who drink water containing chlorine well in excess of the MRDL could experience stomach discomfort. 

Total organic carbon. Total organic carbon (TOG) has no health effects. However, total organic carbon, provides a medium for the formation of 
disinfection byproducts. These byproducts include trihalomethanes, or THMs, and haloacetic acids, or HAAs. Drinking water containing these by­
products in excess of the MCL may lead to adverse health effects, liver or kidney problems, or nervous system effects, and may lead to an increased 
risk of getting cancer. 

Beta/photon emitters. Certain minerals are radioactive and may emit forms of radiation known as photons and beta radiation. Some people who 
drink water containing beta particle and photon radioactivity in excess of the MCL over many years may have an increased risk of getting cancer. 

Alpha emitters. Certain minerals are radioactive and may emit a form of radiation known as alpha radiation. Some people who drink water contain­
ing alpha emitters in excess of the MCL over many years may have an increased risk of getting cancer. 

Combined Radium 226/228. Some people who drink water containing radiirm 226 or 228 in excess of the MCL over many years may have an in­
creased risk of getting cancer. 

ENERGY .\ND ENVIRONMENT CABINET 
DEPARTMENT FOR ENMRONMENTAL PROTECTION 

DIVISION OF WATER 

Richmond Utilities 
KY0760370 

For meeting the Area-Wide Optimization Program 
goals for both settled and filtered water 

in 2015 and being considered an optimized plant for 
turbidity /microbial removal 

J ' j 
TiTSi.] 
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RAINFALL FREQUENCY VALUES 
FOR KENTUCKY 

Engineering Memorandum No. 2 
April 30,1971; Revised-June 1,1979 

COMMONWEALTH OF KENTUCKY 
DEPARTMENT FOR NATURAL RESOURCES 

AND ENVIRONMENTAL PROTECTION 
BUREAU OF NATURAL RESOURCES 

DIVISION OF WATER RESOURCES 

KENTUCKY 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT OF NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING NIEMOR.ANDl%I NO. 2 (4-30-71). REMSED ('6-1-79) 

R.AINF.ALL FREQIWCY WALl^S FOR KENTUCKY 

THIS INFORRIATION H.AS BEEN PREP.ARED BY THE DIMSION OF W.ATER 
RESOmCES. DEP.ARTNIENT FOR N.ATITUAL RESOITICES .AND ENMRONYIENT.AL 
PROTECTION. CONIMOMAD.ALTH OF KENTUCKY. (:.AUTHORITY-KRS 151.220) 

POINT R.AINF.ALL WALl^ES H.A\D BEEN DETERNENED FOR E.ACH OF THE 120 
COIT^JTIES OF THE CONINIOKAD.ALTH .AND T.ABID.ATED IN A CON\'ENIENT FORM. THE 
SOmCES OF THE INFORMATION WERE TECHNIC.AL P.APER 40 (:R.AINF.ALL FREC^l^NCY 
.ATLAS OF THE ITTITED ST.ATES FOR DITUATIONS FROM 30 MTNIUES TO 24 HOITIS .AND 
RETIW PERIODS FROM 1 TO 100 YE.ARS) .AND TECHNIC.AL P.APER 49 (TWO-TO TEN-DAY 
PRECIPIT.ATION FOR RETIW PERIODS OF 2 TO 100 YE.ARS IN THE CONTIGUOUS ITTITED 
ST.ATES). WE.ATHERBITIEAIT. IT.S. DEP.ARTNIENT OF CONINIERCE. PRECIPIT.ATION WALl^S 
PIDLISHED IN HYDROMETEOROLOGIC.AL OF THE .ARNIY. .TITTE. I97S). 

THE ESTIMATED POINT RMAINF.ALL WALirES .ARE BELIE\DD TO BE .ADEQU.ATE FOR 
MOST ENGINEERING DESIGN PITIPOSES .AND .ARE NLADE AWAIL.ABLE TO FILL THE NEEDS 
OF PERSONS WHO DO NOT H.A\D THE B.ASIC INFORNLATION RE.ADILY AWAIL.ABLE. THE 
POINT R.AINF.ALL WALl^S USED IN THIS PIDLIC.ATION .ARE WALl^S FOR TEN (HO) SQUARE 
NELE .AREAS. 

.AD.TITSTMENT FOR .APE.AL .AND SE.ASON.AL UARI.ATIONS .ARE NOT CO\DRED IN 
THIS PIDLIC.ATION. HO\\D\DR ASSIST.ANCE FOR THE MORE SOPHISTICATED 
DETERNEN.ATIONS MAY BE OBT.AINED BY CONT.ACTING THE DIMSION OF W.ATER 
RESOURCES. 

THE LAST SERIES OF T.ABLES SHOWS UALl^ES FOR RIUJOFF \"0LIWIES .AND QITCK 
RETIW FLOWS. THE RU40FF \'0LIUIES REPRESENT UALl^S WHERE NEASITLED 
RU40FF NLAY UARY FROM THAT OBT.AINED BY THE CUR\E NIUIBER NIETHOD. THEY 
REPRESENT REGION.ALIZED UALl^S DERI\DD FROM GAGED STRE.ANIFLOW D.AT.A .AND 
SIWLEMENTED WTTH CLINLATOLOGIC.AL D.AT.A .AND LOC.AL OBSERUATIONS. THE QITCK 
RETIT^T FLOWS .ARE THOSE R^ATES OF DISCH.ARGE E.XPECTED TO PERSIST BEYOND THE 
FLOOD PERIOD AS DESCRIBED BY THE 10-D.AY PRINCIP.AL SPILLWAY HYDROGR.APH. .ALL 
UALl^S IN THESE T.ABLES C.ALIE FROM E.XHIBITS 21.1. 21-2. .AND 21-3 OF THE SOIL 
CONSERUATION SERMCE N.ATION.AL ENGINEERING H.ANDBOOK. SECTION 4. HYDROLOGY. 



DIMSION OF WATER RESITIECES 
DEP.ARTNIENT FOR NATURAL RESOURCES .AND ENMRONIENT.AL PROTECTION 
ENGINEERING MEMOR.ADIWI NOG (4-30-71). REMSED ('6-1-79) 

30 NUNITTE R.AINF.ALL ("INCHES") P.AGE 1 OF 3 

FREC^IWCY (A'E.ARS) 

COn^JTY 1 5 10 25 5() 1()() 

.AD.AIR 1.0 1.: 1.4 1.7 1.9 2.1 2.4 

.ALLEN 1.0 1.2 1.5 1.7 1.9 2.1 2.4 

.ANDERSON 0.9 1.1 1.4 1.6 1.9 2.0 2.3 
B.ALL.ARD 1.1 1.3 1.6 1.8 2.0 2.5 
B.ARREN 1.0 1.2 1.5 1.7 1.9 2.1 2.4 
B.ATH 0.9 1.1 1.4 1.6 1.8 2.0 
BELL 1.0 1.1 1.5 1.7 1.9 2.1 2.4 
BOONE 0.9 1.1 1.4 1.6 1.8 2.0 
BOITLBON 0.9 1.1 1.4 1.6 1.8 2.0 
BOYD 0.9 1.1 1.4 1.6 1.8 2.0 
BOYLE 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
BR.ACKEN 0.9 i.i 1.4 1.6 1.8 2.0 
BRE.ATHITT 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
BRECKENRIDGE 1.0 1.2 1.4 1.7 1.9 2.1 2.3 
BIDLITT 1.0 1.1 1.4 1.6 1.9 2.1 2.3 
BUTLER 1.0 1.2 1.5 1.7 1.9 2.1 2.4 
C.ALDWDLL 1.1 1.2 1.5 1.8 2.0 2.4 
C.ALLOW.AY 1.1 1.2 1.6 1.8 2.0 2.5 
C.ALIPBELL 0.9 1.1 1.4 1.6 1.8 2.0 
(CARLISLE 1.1 1.3 1.6 1.8 2.0 2.3 2.5 
(CARROLL 0.9 1.1 1.4 1.6 1.8 2.0 
(CARTER 0.9 1.1 1.4 1.6 1.8 2.0 
(CASEY 1.0 1.1 1.4 1.7 1.9 2.1 2.3 
CHRISTl.AN 1.0 1.2 1.5 1.7 2.0 1

J K
 

CL.ARK 0.9 1.1 1.4 1.6 1.8 2.1 2.3 
CLAY 0.9 1.1 1.4 1.7 1.9 2.1 2.3 
CLINTON 1.0 1.2 1.5 1.7 1.9 2.1 2.4 
CRITTENDEN 1.1 1.2 1.5 1.8 2.0 2.4 
Cl^IBERL.AND 1.0 1.2 1.5 1.7 1.9 2.1 1

J K
 

DAMESS 1.0 1.2 1.5 1.7 1.9 2.1 2.3 
EDMONSON 1.0 1.2 1.5 1.7 1.9 2.1 2.3 
ELLIOTT 0.9 1.1 1.4 1.6 1.8 2.1 
ESTILL 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
F.AYETTE 0.9 1.1 1.4 1.6 1.8 2.1 2.3 
FLENUNG 0.9 1.1 1.4 1.6 1.8 2.0 
FLOYD 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
FRANKLIN 0.9 1.1 1.4 1.6 1.8 2.0 2.3 
FIDTON 1.1 1.3 1.6 1.8 2.0 2.3 2.5 
G.ALL.ATIN 0.9 1.1 1.4 1.6 1.9 2.1 
G.ARRARD 0.9 1.1 1.4 1.6 1.9 2.1 2.3 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESLITIOES .AND ENMONMENT.AL PROTECTION 
ENGINEERING NIEMOR.ADl%I NOG (4-30-71). REMSED ('6-1-79) 

30 NUNITTE R.AINF.ALL ('INCHES) P.AGE 2 OF 3 

FREC^IWCY (A'E.ARS) 
COINJTY 1 5 10 25 5() 1()() 

GR.ANT 0.9 1.1 1.4 1.6 1.8 2.0 
GR.A\DS LI 1.3 1.6 1.8 2.0 2.5 
GR.AYSON 1.0 1.2 1.4 1.7 1.9 2.1 2.3 
GREEN 1.0 1.1 1.4 1.7 1.9 2.1 2.3 
GREENIT 0.9 1.1 1.4 1.6 1.8 2.0 
H.ANCOCK I.O 1.2 1.4 1.7 1.9 2.1 2.3 
H.ARDIN 1.0 1.2 1.4 1.6 1.9 2.1 2.3 
H.ARLIN 1.0 1.1 1.5 1.7 1.9 2.1 2.3 
H.ARRISON 0.9 1.1 1.4 1.6 1.8 2.0 
H.ART 1.0 1.2 1.4 1.7 1.9 2.1 2.3 
HENDERSON 1.0 1.2 1.5 1.7 1.9 2.1 2.3 
HENRY 0.9 1.1 1.4 1.6 1.8 2.0 
HICKMAN I.I 1.3 1.6 1.8 2.0 2.3 2.5 
HOPKINS 1.0 1.2 1.5 1.7 1.9 2.1 2.4 
.TACKSON 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
.JEFFERSON 1.0 1.1 1.4 1.6 1.9 2.0 2.3 
.TESS.AMINE 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
.TOHNSON 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
KENTON 0.9 1.1 1.4 1.6 1.8 2.0 
KNOTT 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
KNO.X 1.0 1.1 1.5 1.7 1.9 2.1 2.3 
L.ARl^ 1.0 1.1 1.4 1.7 1.9 2.1 2.3 
L.Ani.AL 1.0 1.1 1.4 1.7 1.9 2.1 2.3 
LAWRENCE 0.9 1.1 1.4 1.6 1.8 2.1 
LEE 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
LESLIE 0.9 1.1 1.4 1.7 1.9 2.1 2.3 
LETCHER 0.9 1.1 1.4 1.7 1.9 2.1 2.3 
LEWIS 0.9 1.1 1.4 1.6 1.8 2.0 
LINCOLN 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
LDTNGSTON I.I 1.2 1.5 1.8 2.0 1

J 
4

-

LOG.AN 1.0 1.2 1.5 1.7 1.9 2.1 I 
J 

4
-

LYON 1.0 1.2 1.5 1.8 2.0 I 
J 

4
-

MCCR.ACKEN 1.0 1.3 1.6 1.8 2.0 2.5 
MCCRE.ARY 1.0 1.2 1.5 1.7 1.9 2.1 1

J 
4

-

MCLE.AN 1.0 1.2 1.5 1.7 1.9 2.1 I 
J 

4
-

NLADISON 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
NLAGOFFIN 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
NLARION 1.0 1.1 1.4 1.6 1.9 2.1 2.3 
NLARSH.ALL 1.0 1.2 1.6 1.8 2.0 2.5 
NLARTIN 0.9 1.1 1.4 1.6 1.9 2.1 2.3 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

30 NUNITTE R.AINF.ALL ('INCHES) P.AGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJT 1 5 10 25 5() 1()() 

MASON 0.9 1.1 1.4 1.6 1.8 2.0 
NIE.ADE 1.0 1.2 1.4 1.6 1.9 2.1 2.3 
NIENIFEE 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
NIERCER 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
NIETC.ALFE I.O 1.2 1.5 1.7 1.9 2.1 1 

J E
 

M(;)NR(;)E 1.0 1.2 1.5 1.7 1.9 2.1 1 
J E
 

MONTGONIERY 0.9 1.1 1.4 1.6 1.8 2.1 2.3 
MORG.AN 0.9 1.1 1.4 1.6 1.8 2.1 2.3 
NIITILENBERG 1.0 1.2 1.5 1.7 1.9 2.1 1

J E
 

NELSON 1.0 1.1 1.4 1.6 1.9 2.1 2.3 
NICHOLAS 0.9 1.1 1.4 1.6 1.8 
OHIO 1.0 1.2 1.5 1.7 1.9 2.1 2.3 
OLDH.AM 0.9 1.1 1.4 1.6 1.8 
OWDN 0.9 1.1 1.4 1.6 1.8 
OWSLEY 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
PENDLETON 0.9 1.1 1.4 1.6 1.8 
PERRY 0.9 1.1 1.4 1.7 1.9 2.1 2.3 
PIKE 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
POWELL 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
PID.ASKI 1.0 1.1 1.4 1.7 1.9 2.1 2.3 
ROBERTSON 0.9 1.1 1.4 1.6 1.8 
ROCKCASTLE 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
ROW.AN 0.9 1.1 1.4 1.6 1.8 
RUSSELL 1.0 1.1 1.4 1.7 1.9 2.1 2.3 
SCOTT 0.9 1.1 1.4 1.6 1.8 
SHELBY 0.9 1.1 1.4 1.6 1.8 2.3 
SINIPSON 1.0 1.2 1.5 1.7 1.9 2.1 1

J E
 

SPENCER 0.9 1.1 1.4 1.6 1.9 2.3 
TAYLOR 1.0 1.1 1.4 1.7 1.9 2.1 2.3 
TODD 1.0 1.2 1.5 1.7 1.9 1 1

J E
 

TRIGG 1.1 1.2 1.5 1.8 2.() 1 
J E
 

TRINIBLE 0.9 1.1 1.4 1.6 1.8 
INTON 1.0 1.2 1.5 1.7 2.() 1 

J E
 

W.ARREN 1.0 1.2 1.5 1.7 1.9 2.1 1 
J E
 

WASHINGTON 1.0 1.1 1.4 1.6 1.9 2.1 2.3 
WA\'NE 1.0 1.2 1.5 1.7 1.9 2.1 1

J E
 

WEBSTER 1.0 1.2 1.5 1.7 1.9 2.1 1 
J E
 

WEITLEY 1.0 1.2 1.5 1.7 1.9 2.1 1 
J E
 

WOLFE 0.9 1.1 1.4 1.6 1.9 2.1 2.3 
WOODFORD 0.9 1.1 1.4 1.6 1.9 2.3 



DIMSION OF WATER RESOITICES 
DEP.ARTN'IENT FOR NATURAL RESOl^RCES .AND ENMRONAffiNT.AL PROTECTION 
ENGINEERING MIiMOR.ANDlWI NO.: (4-30-71). REMSED ('6-1-79) 

1 HOm R.AINF.ALL ('INCHES) P.AGE 1 OF 3 

FREC^IWCY (A'E.ARS) 

COITTTY 1 -1 5 10 25 5() 1()() 

.AD.AIR 1.: 1.4 l.S 2.1 2.4 2.7 2.9 

.ALLEN 1.2 1.5 1.8 2.1 2.4 2.7 2.9 

.ANDERSON 1.2 1.4 1.7 2.0 2.3 2.6 2.8 
B.ALL.ARD 1.3 1.6 2.0 2.3 2.6 2.9 3.1 
B.ARREN 1.2 1.4 1.8 2.1 2.4 2.7 2.9 
B.ATH 1.1 1.3 1.7 2.0 2.3 2.6 2.8 
BELL 1.2 1.4 1.8 -1 -1 2.4 2.7 3.0 
BOONE i.i i.4 i.7 2.0 2.3 2.5 2.8 
BOITLBON 1.1 1.3 1.7 2.0 2.3 2.6 2.8 
BOYD 1.1 1.3 1.7 2.0 2.3 2.6 2.9 
BOYLE 1.2 1.4 1.8 2.1 2.4 2.6 2.9 
BR.ACKEN 1.1 1.3 1.7 2.0 -1 -1 2.5 2.8 
BRE.ATHITT 1.1 1.3 1.8 2.1 2.4 2.6 2.9 
BRECKINRIDGE 1.2 1.4 1.8 2.1 2.4 2.6 2.9 
BIDLITT 1.2 1.4 1.8 2.1 2.3 2.6 2.8 
BUTLER 1.2 1.5 1.8 2.1 2.4 2.7 2.9 
C.ALDWDLL 1.3 1.5 1.9 -1 -1 2.5 2.8 3.0 
C.ALLOW.AY 1.3 1.6 2.0 -1 -1 2.6 2.8 3.1 
C.ALIPBELL 1.1 1.3 1.7 2.0 2.3 2.5 2.8 
C.ARLISLE 1.3 1.6 2.0 2.3 2.6 2.9 3.2 
C.ARROLL 1.1 1.4 1.7 2.0 2.3 2.5 2.8 
C.ARTER 1.1 1.3 1.7 2.0 2.3 2.6 2.8 
C.ASEY 1.2 1.4 1.8 2.1 2.4 2.6 2.9 
CHRISTl.AN 1.3 1.5 1.9 -1 -1 2.5 2.8 3.0 
CL.ARK 1.1 1.4 1.7 2.0 2.3 2.6 2.8 
CLAY 1.2 1.4 1.8 2.1 1

J 
4

-

1J
 

2.9 
CLINTON 1.2 1.4 1.8 2.1 I 

J 4
-

1J
 

2.9 
CRITTENDEN 1.3 1.5 1.9 -1 -1 2.5 2.8 3.0 
Cl^IBERL.AND 1.2 1.4 1.8 2.1 1

J 
4

-

1J
 

2.9 
DAMESS 1.2 1.5 1.9 2.1 I 

J 
4

- 2.7 3.0 
EDMONSON 1.2 1.5 1.8 2.1 2.4 2.7 2.9 
ELLIOTT 1.1 1.3 1.7 2.0 2.3 2.6 2.9 
ESTILL 1.1 1.4 1.7 2.1 2.3 2.6 2.9 
F.AYETTE 1.1 1.4 1.7 2.0 2.3 2.6 2.8 
FLENUNG 1.1 1.3 1.7 2.0 2.3 2.5 2.8 
FLOYD 1.1 1.4 1.8 2.1 1

J 
4
- 2.7 2.9 

FR.ANKLIN 1.1 1.4 1.7 2.0 2.3 2.6 2.8 
FLDTON 1.3 1.6 2.0 2.3 2.7 2.9 3.2 
G.ALL.ATIN 1.1 1.4 1.7 2.0 2.3 2.5 2.8 
G.ARR.ARD 1.1 1.4 1.8 2.1 2.3 2.6 2.9 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

1 HOm R.AINF.ALL ('INCHES) PAGE 2 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 5 10 25 5() 1()() 

GR.ANT LI 1.4 1.7 2.0 2.3 2.5 2.8 
GR.A\DS 1.3 1.6 2.0 2.6 2.8 3.1 
GR.AYSON 1.2 1.4 l.S 2.1 2.4 2.7 2.9 
GREEN 1.2 1.4 1.8 2.1 2.4 2.7 2.9 
GREENIT 1.1 1.3 1.7 2.0 2.3 2.6 2.8 
H.ANCOCK 1.2 1.5 1.8 2.1 2.4 2.7 2.9 
H.ARDIN 1.2 1.4 1.8 2.1 2.4 2.6 2.9 
H.ARL.AN 1.2 1.4 1.8 2.1 2.4 2.7 3.0 
H.ARRISON 1.1 1.3 1.7 2.0 2.3 2.5 2.8 
H.ART 1.2 1.4 1.8 2.1 2.4 2.7 2.9 
HENDERSON 1.3 1.5 1.9 2.1 2.4 2.7 3.0 
HENRY 1.2 1.4 1.7 2.0 2.3 2.6 2.8 
HICKMAN 1.3 1.6 2.0 2.3 2.6 2.9 3.2 
HOPKINS 1.3 1.5 1.9 2.5 2.7 3.0 
.TACKSON 1.2 1.4 1.8 2.1 2.4 2.6 2.9 
.JEFFERSON 1.2 1.4 1.8 2.0 2.3 2.6 2.8 
.TESS.AMINE 1.1 1.4 1.7 2.1 2.3 2.6 2.8 
.TOHNSON 1.1 1.3 1.7 2.1 2.3 2.6 2.9 
KENTON 1.1 1.4 1.7 2.0 2.3 2.5 2.8 
KNOTT 1.1 1.4 1.8 2.1 2.4 2.7 2.9 
KNO.X 1.2 1.4 1.8 2.1 2.4 2.7 2.9 
L.ARl^ 1.2 1.4 1.8 2.1 1 J

 
4
- 2.6 2.9 

L.AITIEL 1.2 1.4 1.8 2.1 I 
J 

4
-

1J
 

2.9 
LAWRENCE 1.1 1.3 1.7 2.0 2.3 2.6 2.9 
LEE 1.1 1.4 1.8 2.1 2.3 2.6 2.9 
LESLIE 1.2 1.4 1.8 2.1 1

J 
4

-

1J
 

2.9 
LETCHER 1.2 1.4 1.8 2.1 I 

J 4
-

1J
 

3.0 
LEWIS 1.1 1.3 1.7 2.0 2.3 2.5 2.8 
LINCOLN 1.2 1.4 1.8 2.1 1

J 
4

- 2.6 2.9 
LDTNGSTON 1.3 1.5 2.0 2.3 2.5 2.8 3.1 
LOG.AN 1.2 1.5 1.9 1

J 
4

-

1J
 

3.0 
LYON 1.3 1.5 2.0 2.5 2.8 3.0 
MCCR.ACKEN 1.3 1.6 2.0 2.6 2.8 3.1 
MCCRE.ARY 1.2 1.4 1.8 2.4 2.7 2.9 
MCLE.AN 1.2 1.5 1.9 2.1 2.4 1J

 

3.0 
NLADISON 1.1 1.4 1.8 2.1 2.3 2.6 2.9 
NLAGOFFIN 1.1 1.3 1.8 2.1 2.3 2.6 2.9 
NLARION 1.2 1.4 1.8 2.1 2.3 2.6 2.9 
NLARSH.ALL 1.3 1.6 2.0 2.6 2.8 3.1 
NLARTIN 1.1 1.3 1.7 2.1 2.3 2.6 2.9 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NO. : (4-30-71). REMSED ('6-1-79) 

1 HOm R.AINF.ALL ('INCHES) PAGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 5 10 25 5() 1()() 

MASON LI 1.3 1.7 2.3 2.5 2.8 
NIE.ADE 1.2 1.4 1.8 2.1 1

J E
 

2.6 2.9 
NIENIFEE 1.1 1.3 1.7 2.3 2.6 2.9 
NIERCER 1.2 1.4 1.8 2.1 2.3 2.6 2.8 
NIETC.ALFE 1.2 1.4 1.8 2.1 1

J E
 

1
J E
 

2.9 
M(;)NR(;)E 1.2 1.4 1.8 2.1 1 

J E
 

1 
J E
 

2.9 
MONTGONIERY 1.1 1.3 1.7 2.3 2.6 2.8 
MORG.AN 1.1 1.3 1.7 2.1 2.3 2.6 2.9 
NIITILENBERG 1.2 1.5 1.9 2.1 2.5 1

J E
 

3.0 
NELSON 1.2 1.4 1.8 2.1 2.3 2.6 2.9 
NICHOLAS 1.1 1.3 1.7 2.3 2.6 2.8 
OHIO 1.2 1.5 1.8 2.1 1

J E
 

1
J E
 

2.9 
OLDH.AM 1.2 1.4 1.8 2.3 2.6 2.8 
OWDN 1.1 1.4 1.7 2.3 2.6 2.8 
OWSLEY 1.1 1.4 1.8 2.1 1

J E
 

2.6 2.9 
PENDLETON 1.1 1.3 1.7 2.3 2.5 2.8 
PERRY 1.2 1.4 1.8 2.1 1

J E
 

1
J E
 

3.0 
PIKE 1.1 1.4 1.8 2.1 1 

J E
 

1 
J E
 

3.0 
POWELL 1.1 1.3 1.7 2.1 2.3 2.6 2.9 
PID.ASKI 1.2 1.4 1.8 2.1 1

J E
 

1
J E
 

2.9 
ROBERTSON 1.1 1.3 1.7 2.3 2.5 2.8 
ROCKCASTLE 1.2 1.4 1.8 2.1 1

J E
 

2.6 2.9 
ROW.AN 1.1 1.3 1.7 2.3 2.6 2.8 
RUSSELL 1.2 1.4 1.8 2.1 1

J E
 

1
J E
 

2.9 
SCOTT 1.1 1.4 1.7 2.3 2.6 2.8 
SHELBY 1.2 1.4 1.8 2.3 2.6 2.8 
SINIPSON 1.2 1.5 1.9 1

J E
 

1
J E
 

2.9 
SPENCER 1.2 1.4 1.8 2.1 2.3 2.6 2.8 
TAYLOR 1.2 1.4 1.8 2.1 1

J E
 

1
J E
 

2.9 
TODD 1.3 1.5 1.9 2.5 1 

J E
 

3.0 
TRIGG 1.3 1.5 2.0 2.5 2.8 3.0 
TRINIBLE 1.2 1.4 1.8 2.0 2.3 2.6 2.8 
INTON 1.3 1.5 1.9 2.5 2.8 3.0 
W.ARREN 1.2 1.5 1.8 2.1 1

J E
 

1
J E
 

2.9 
WASHINGTON 1.2 1.4 1.8 2.1 2.3 2.6 2.8 
WA\'NE 1.2 1.4 1.8 2.1 1

J E
 

1
J E
 

2.9 
WEBSTER 1.3 1.5 1.9 1 

J E
 

2.8 3.0 
WEITLEY 1.2 1.4 1.8 1 

J E
 

1
J E
 

2.9 
WOLFE 1.1 1.3 1.7 2.1 2.3 2.6 2.9 
WOODFORD 1.1 1.4 1.7 2.0 2.3 2.6 2.8 



DIMSION OF WATER RESOirRCES 
DEP.ARTN'IENT FOR NATl.rR.AL RESOirRCES .AND ENMRONLffiNT.AL PROTECTION 
ENGINEERING MEMOR.A]NJDIWI NO. : (4-30-71). REMSED 6-1-79) 

2 HOirRS R.A1NF.ALL ('INCHES) P.AGE 1 OF 3 

FREC^irENCY (A'E.ARS) 

COn^JTY 1 5 10 25 50 PX 

.AD.AIR ].> I.S 2.3 2.5 2.9 .:s .6 

.ALLEN \.> 1.8 2.3 2.6 3.0 .7 

.ANDERSON \.> 1.7 2.5 2.8 -1 .4 
B.ALL.ARD 1.7 1.9 1 J

 
4

- 2.8 3.2 .5 .9 
B.ARREN 1.8 2.3 2.6 2.9 .7 
B.ATH 1.4 1.8 2.1 1

J 
4

- 2.8 .1 .4 
BELL 1.7 2.3 2.5 2.9 .6 
BOONE 1.4 1.7 2.1 1

J 
4
-

1J
 

.1 
BOirRBON 1.4 1.7 2.1 I 

J 
4
- 2.8 .1 .4 

BOYD 1.4 1.6 2.1 I 
J 

4
- 2.8 .1 .4 

BOYLE 1.7 2.5 2.8 .5 
BR.ACKEN 1.4 1.6 2.1 1

J 
4
-

1J
 

.1 
BRE.ATHITT 1.4 1.7 2.4 2.8 .5 
BRECKINRIDGE \.> 1.8 2.5 2.9 .6 
BIDLITT \.> 1.8 2.5 2.8 .5 
BUTLER 1.6 1.8 2.3 2.6 2.9 .7 
C.ALDWDLL 1.6 1.9 2.3 1J

 

3.0 .4 .8 
C.ALLOW.AY 1.6 1.9 1 J

 
4
- 2.8 3.1 .5 .9 

C.AMPBELL 1.4 i.6 2.1 2.4 2.7 .1 
(CARLISLE 1.7 1.9 1

J 
4
- 2.8 3.2 .5 .9 

(CARROLL 1.7 2.1 1
J 

4
- 2.8 .1 .4 

(CARTER 1.4 1.6 2.1 I 
J 

4
-

1J
 

.1 .4 
(CASEY 1.7 2.5 2.9 .5 
CHRISTl.AN 1.6 1.9 2.3 1J

 

3.0 .4 .8 
CL.ARK 1.4 1.7 1

J 
4
- 2.8 .1 .4 

CLAY 1.7 2.5 2.9 .5 
CLINTON \.> 1.8 2.3 2.6 2.9 .6 
CRITTENDEN 1.6 1.9 2.3 1J

 

3.0 .4 .8 
Cl^IBERL.AND L.s 1.8 2.3 2.6 2.9 .6 
DAMESS 1.6 1.8 2.3 2.6 2.9 .6 
EDMONSON 1.8 2.3 2.6 2.9 .6 
ELLIOTT 1.4 1.6 2.1 1

J 
4

- 2.8 .1 .4 
ESTILL 1.4 1.7 I 

J 
4

- 2.8 -1 .4 
F.AYETTE 1.4 1.7 2.1 I 

J 
4

- 2.8 .1 .4 
FLENUNG 1.4 1.6 2.1 I 

J 
4

-

1J
 

.1 .4 
FLOYD 1.4 1.6 I 

J 
4

- 2.8 .4 
FR.ANKLIN 1.7 2.1 I 

J 4
- 2.8 .1 .4 

FIDTON 1.7 1.9 1
J 

4
- 2.8 3.2 .5 .9 

G.ALL.ATIN 1.7 2.1 1
J 

4
-

1J
 

.1 
G.ARR.ARD 1.7 2.5 2.8 .5 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESLITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NO. : (4-30-71). REMSED ('6-1-79) 

2 HOm R.AINF.ALL ('INCHES) PAGE 2 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 5 10 25 50 ()(^ 

GR.ANT 1.4 1.7 2.1 2.4 1J
 

.1 
GR.A\DS 1.7 1.9 1

J 
4

- 2.8 3.1 .5 .9 
GR.AYSON 1.5 1.8 2.3 2.6 2.9 .6 
GREEN 1.5 1.8 2.5 2.9 .6 
GREENIT 1.4 1.6 2.0 2.3 1J

 

.0 
H.ANCOCK 1.6 1.8 2.3 2.6 2.9 .6 
H.ARDIN 1.5 1.8 2.5 2.9 .5 
H.ARL.AN 1.5 1.7 2.3 2.5 2.9 .6 
H.ARRISON 1.4 1.7 2.1 1

J 
4
-

1J
 

.1 .4 
H.ART 1.5 1.8 2.3 2.5 2.9 .6 
HENDERSON 1.6 1.8 2.3 2.6 3.0 .7 
HENRY 1.5 1.7 2.1 2.4 2.8 .1 .4 
HICKMAN 1.7 1.9 1 J

 
4
- 2.8 3.2 .5 .9 

HOPKINS 1.6 1.9 2.3 1J
 

3.0 .7 
.TACKSON 1.4 1.7 2.5 2.9 .5 
.JEFFERSON 1.5 1.7 2.5 2.8 .5 
.TESS.AMINE 1.5 1.7 1

J 
4
- 2.8 .4 

.TOHNSON 1.4 1.6 2.1 I 
J 4
- 2.8 .1 .4 

KENTON 1.4 1.6 2.1 I 
J 

4
-

1J
 .() 

KNOTT 1.4 1.7 I 
J 

4
- 2.9 .5 

KNO.X 1.5 1.7 2.3 2.5 2.9 .5 
L.ARl^ 1.5 1.8 2.5 2.9 .6 
L.AITIEL 1.5 1.7 2.5 2.9 .5 
LAWRENCE 1.4 1.6 2.1 1

J 
4
- 2.8 .1 .4 

LEE 1.4 1.7 I 
J 

4
- 2.8 .4 

LESLIE 1.5 1.7 2.3 2.5 2.9 .5 
LETCHER 1.4 1.7 2.3 2.5 2.9 .5 
LEWIS 1.4 1.6 2.1 1

J 
4
-

1J
 

.0 
LINCOLN 1.5 1.7 2.5 2.9 .5 
LDTNSTON 1.6 1.9 2.4 1J

 

3.1 .4 .8 
LOG.AN 1.6 1.8 2.3 1J

 

3.0 .7 
LYON 1.6 1.9 1 J

 
4

-

1J
 

3.1 .4 .8 
MCCR.ACKEN 1.7 1.9 I 

J 
4

- 2.8 3.1 .4 .8 
MCCRE.ARY 1.5 1.8 2.3 2.6 2.9 .6 
MCLE.AN 1.6 1.8 2.3 2.6 3.0 .7 
NLADISON 1.5 1.7 1

J 
4

- 2.8 .4 
NLAGOFFIN 1.4 1.7 I 

J 
4

- 2.8 .1 .4 
NLARION 1.5 1.7 2.5 2.9 .5 
NLARSH.ALL 1.6 1.9 1

J 
4

- 2.8 3.1 .4 .8 
NLARTIN 1.4 1.6 1

J 
4
- 2.8 .1 .4 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

2 HOm R.AINF.ALL ('INCHES) PAGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 5 10 25 5() 1()() 

MASON 1.4 1.6 2.1 2.4 2.7 .() 
NIE.ADE 1.5 1.8 2.5 2.9 5 
NIENIFEE 1.4 1.7 2.1 2.4 2.8 .1 .4 
NIERCER 1.5 1.7 2.5 2.8 .5 
NIETC.ALFE 1.5 1.8 2.3 2.6 2.9 .6 
M(;)NR(;)E 1.5 1.8 2.3 2.6 2.9 .7 
MONTGONIERY 1.4 1.7 2.1 2.4 2.8 .1 .4 
MORG.AN 1.4 1.6 2.1 2.4 2.8 .1 .4 
NIITILENBERG 1.6 1.9 2.3 2.7 3.0 .7 
NELSON 1.5 1.8 2.5 2.8 .5 
NICHOLAS 1.4 1.6 2.1 2.4 2.7 .1 .4 
OHIO 1.6 1.8 2.3 2.4 2.9 .7 
OLDH.AM 1.5 1.7 2.1 2.4 2.8 .1 .4 
OWDN 1.5 1.7 2.1 2.4 2.8 .1 .4 
OWSLEY 1.4 1.7 2.4 2.9 .5 
PENDLETON 1.4 1.7 2.1 2.4 2.7 .1 
PERRY 1.4 1.7 2.5 2.9 .5 
PIKE 1.4 1.7 2.4 2.9 .5 
POWELL 1.4 1.7 2.4 2.8 .1 .4 
PID.ASKI 1.5 1.7 2.5 2.9 .5 
ROBERTSON 1.4 1.6 2.1 1

J E
 

1
J E
 

.1 
ROCKCASTLE 1.5 1.7 2.5 2.9 -1 .5 
ROW.AN 1.4 1.6 2.1 1

J E
 

2.8 .1 .4 
RUSSELL 1.5 1.7 2.3 2.5 2.9 .6 
SCOTT 1.4 1.7 2.1 1

J E
 

1
J E
 

.1 
SHELBY 1.5 1.7 1 

J E
 

2.8 -1 .4 
SINIPSON 1.6 1.8 2.3 1 

J E
 

3.0 .7 
SPENCER 1.5 1.7 2.5 2.8 .5 
TAYLOR 1.5 1.8 2.5 2.9 .5 
TODD 1.6 1.8 2.3 2.9 3.0 .8 
TRIGG 1.6 1.9 2.4 2.7 3.1 .4 .8 
TRINIBLE 1.5 1.7 2.1 2.4 2.8 .1 .4 
INTON 1.6 1.9 2.3 2.7 3.0 .7 
W.ARREN 1.5 1.8 2.3 2.6 2.9 .7 
WASHINGTON 1.5 1.7 2.5 2.8 .5 
WA\'NE 1.5 1.8 2.3 2.6 2.9 .6 
WEBSTER 1.6 1.9 2.3 1

J E
 

3.0 .7 
WEITLEY 1.5 1.8 2.3 2.6 2.9 .6 
WOLFE 1.4 1.7 1

J E
 

2.8 .4 
WOODFORD 1.5 1.7 1 

J E
 

2.8 .4 



DIMSION OF WATER RESOITICES 
DEP.ARTN'IENT FOR NATURAL RESOl^RCES .AND ENMRONAffiNT.AL PROTECTION 
ENGINEERING MIiMOR.ANDlWI NO. 2 (4-30-71). REMSED ('6-1-79) 

3 HOm R.AINF.ALL ('INCHES) P.AGE 1 OF 3 

FREC^IWCY (A'E.ARS) 

COITTTY 1 5 1 (.) 25 5(.) 1 (.)(. 

.AD.AIR 1.6 2.0 2.4 2.8 5 3.9 

.ALLEN 1.7 2.0 2.5 2.8 .6 4.0 

.ANDERSON 1.6 1.9 2.3 1
J -1 .4 3.7 

B.ALL.ARD 1.9 1
J 3.0 .5 .9 4.3 

B.ARREN 1.7 2.0 2.5 2.8 .6 3.0 
B.ATH 1.5 1.8 2.3 2.6 .1 3.6 
BELL 1.6 1.9 1

J
 

4
- 2.8 .5 3.9 

BOONE 1.5 1.8 2.6 .() 3.6 
BOITLBON 1.5 1.8 2.3 2.6 .1 3.6 
BOYD 1.5 1.8 2.6 .9 3.6 
BOYLE 1.6 1.9 1 J

 
4
-

1
J -1 .4 3.8 

BR.ACKEN 1.5 1.8 2.6 .() 3.6 
BREATHITT i.5 i.9 2.3 2.7 .1 .4 3.7 
BRECKINRIDGE 1.7 2.0 2.5 2.8 .5 3.9 
BIDLITT 1.6 1.9 1

J
 

4
-

1
J .5 3.8 

BUTLER 1.7 2.0 2.5 2.8 .6 4.0 
C.ALDWDLL 1.8 2.1 2.6 2.9 .4 .7 4.2 
C.ALLOW.AY 1.8 2.1 1

J 3.0 .4 .8 4.2 
C.ALIPBELL 1.5 1.8 2.6 .() 3.6 
C.ARLISLE 1.9 1

J 3.1 .5 .9 4.3 
C.ARROLL 1.5 1.9 2.3 2.6 .1 .4 3.7 
C.ARTER 1.5 1.8 2.6 .() 3.6 
C.ASEY 1.6 1.9 1

J
 

4
-

1
J .5 3.8 

CHRISTl.AN 1.8 2.1 2.6 2.9 .4 .7 4.1 
CL.ARK 1.5 1.9 2.3 2.6 .1 .4 3.7 
CLAY 1.6 1.9 1

J
 

4
- 2.8 .4 3.8 

CLINTON 1.7 2.0 2.5 2.8 .6 3.9 
CRITTENDEN 1.8 2.1 2.6 2.9 .4 .7 4.2 
Cl^IBERL.AND 1.7 2.0 2.5 2.8 .6 3.9 
DAMESS 1.7 2.0 2.5 2.8 .6 4.0 
EDMONSON 1.7 2.0 2.5 2.8 .6 4.0 
ELLIOTT 1.5 1.8 2.6 .() 3.6 
ESTILL 1.6 1.9 2.3 1

J -1 .4 3.7 
F.AYETTE 1.6 1.9 2.3 2.6 .1 .4 3.7 
FLENUNG 1.5 1.8 2.6 .() 3.6 
FLOYD 1.5 1.9 2.3 1

J .1 .4 3.7 
FR.ANKLIN 1.6 1.9 2.3 2.6 .1 .4 3.7 
FIDTON 1.9 1 

J 3.1 .5 .9 4.4 
G.ALL.ATIN 1.5 1.8 2.3 2.6 .1 3.6 
G.ARR.ARD 1.6 1.9 2.3 1

J .4 3.7 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGENEERING MEMOR.ANDIWI NO. 2 (4-30-71). REMSED ('6-1-79) 

3 HOm R.AINF.ALL ('INCHES) PAGE 2 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 5 10 25 50 1()() 

GR.ANT 1.5 1.8 2.3 2.6 .1 3.6 
GR.A\DS 1.9 1

J 3.0 .5 .9 4.3 
GR.AYSON 1.7 2.0 2.5 2.8 .6 3.9 
GREEN 1.7 2.0 1

J 2.8 .5 3.9 
GREENIT 1.5 1.8 2.5 .9 -1 3.5 
H.ANCOCK 1.7 2.0 2.5 2.8 .5 4.0 
H.ARDIN 1.7 2.0 1

J 2.8 .5 3.9 
H.ARL.AN 1.6 1.9 1

J 2.8 .5 3.9 
H.ARRISON 1.5 1.8 2.3 2.6 .1 3.6 
H.ART 1.7 2.0 2.5 2.8 .5 3.9 
HENDERSON 1.8 2.0 2.5 2.9 .6 4.0 
HENRY 1.6 1.9 2.3 1

J .1 .4 3.7 
HICKMAN 1.9 1

J 3.1 5 .9 4.3 
HOPKINS 1.8 2.1 2.6 2.9 .4 .7 4.1 
.lACKSON 1.6 1.9 2.3 1

J .4 3.7 
.JEFFERSON 1.6 1.9 1

J 

1
J .4 3.8 

.lESS.AMlNE 1.6 1.9 2.3 1
J .4 3.7 

.lOHNSON 1.5 1.8 2.3 1
J .0 3.6 

KENTON 1.5 1.8 2.6 .0 3.6 
KNOTT 1.5 1.9 2.3 2.8 .4 3.8 
KNO.X 1.6 1.9 1

J 2.8 .5 3.8 
L.ARl^ 1.6 2.0 1

J 

1
J .5 3.9 

L.AITIEL 1.6 1.9 1
J 2.8 .5 3.8 

LAWRENCE 1.5 1.8 2.6 .0 3.6 
LEE 1.5 1.9 2.3 1

J .4 3.7 
LESLIE 1.6 1.9 1

J 2.8 .4 3.8 
LETCHER 1.5 1.9 2.3 2.8 .4 3.8 
LEWIS 1.5 1.8 2.6 .0 3.6 
LINCOLN 1.6 1.9 1

J 

1
J .4 3.8 

LDTNGTON 1.8 2.1 2.6 3.0 .4 .8 4.2 
LOG.AN 1.7 2.0 2.5 2.9 .4 .7 4.0 
LYON 1.8 2.1 2.6 3.0 .4 .8 4.2 
MCCR.ACKEN 1.9 2.1 1

J 3.0 .4 .8 4.3 
MCCRE.ARY 1.6 2.0 1

J 2.8 .5 3.9 
MCLE.AN 1.7 2.0 2.5 2.9 .6 4.0 
NLADISON 1.6 1.9 2.3 1

J .4 3.7 
NLAGOFFIN 1.5 1.8 2.3 1

J .1 3.7 
NLARION 1.6 1.9 1

J 

1
J .5 3.8 

NLARSH.ALL 1.8 2.1 2.6 3.0 .4 .8 4.2 
NLARTIN 1.5 1.8 2.3 1

J .() 3.7 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79 

3 HOm R.AINF.ALL ('INCHES) PAGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 5 10 25 50 1()() 

MASON 1.5 1.8 2.6 .0 3.6 
NIE.ADE 1.7 2.0 1

J E
 

2.8 .5 3.9 
NIENIFEE 1.5 1.8 2.3 2.6 .1 3.6 
NIERCER 1.6 1.9 1

J E
 

1
J E
 

.4 3.7 
NIETC.ALFE 1.7 2.0 2.5 2.8 .6 3.9 
M(;)NR(;)E 1.7 2.0 2.5 2.8 .6 4.0 
MONTGONIERY 1.5 1.8 2.3 2.6 .1 3.6 
MORG.AN 1.5 1.8 2.3 2.6 .1 3.6 
NIITILENBERG 1.7 2.0 2.5 2.9 .7 4.0 
NELSON 1.6 1.9 1

J E
 

1
J E
 

.5 3.8 
NICHOLAS 1.5 1.8 2.3 2.6 .1 3.6 
OHIO 1.7 2.0 2.5 2.8 .6 4.0 
OLDH.AM 1.6 1.9 2.3 1

J E
 

.1 .4 3.7 
OWDN 1.5 1.8 2.3 2.6 .1 3.7 
OWSLEY 1.6 1.9 2.3 1

J E
 

.4 3.7 
PENDLETON 1.5 1.8 2.6 .1 3.6 
PERRY 1.5 1.9 2.3 2.8 .4 3.8 
PIKE 1.5 1.9 2.3 1

J E
 

.1 .4 3.8 
POWELL 1.5 1.8 2.3 1 

J E
 

.1 .4 3.7 
PID.ASKIE 1.6 1.9 1 

J E
 

2.8 .5 3.8 
ROBERTSON 1.5 1.8 2.6 .() 3.6 
ROCKCASTLE 1.6 1.9 1 

J E
 

1
J E
 

-1 .4 3.8 
ROW.AN 1.5 1.8 2.6 .() 3.6 
RUSSELL 1.6 2.0 1 

J E
 

2.8 .5 3.9 
SCOTT 1.6 2.0 2.3 2.6 .1 .4 3.6 
SHELBY 1.6 1.9 2.3 1

J E
 

-1 .4 3.7 
SINIPSON 1.7 2.0 2.5 2.9 .4 .7 4.0 
SPENCER 1.6 1.9 2.4 1

J E
 

-1 .4 3.8 
TAYLOR 1.6 1.9 2.4 2.8 .5 3.8 
TODD 1.8 2.1 2.6 2.9 .4 .7 4.1 
TRIGG 1.8 2.1 2.6 2.9 .4 .8 4.2 
TRINIBLE 1.6 1.9 2.3 1

J E
 

.1 .4 3.7 
INTON 1.8 2.1 2.6 2.9 .7 4.1 
W.ARREN 1.7 2.0 2.5 2.8 .6 4.0 
WASHINGTON 1.6 1.9 1

J E
 

1
J E
 

.5 3.8 
WA\'NE 1.6 2.0 1 

J E
 

2.8 .5 3.9 
WEBSTER 1.8 2.1 2.6 2.9 .7 4.1 
WEITLEY 1.6 1.9 1

J E
 

2.8 .5 3.9 
WOLFE 1.5 1.9 2.3 1

J E
 

.1 .4 3.7 
WOODFORD 1.6 1.9 2.3 1 

J E
 

.1 .4 3.7 



DIMSION OF WATER RESOITICES 
DEP.ARTN'IENT FOR NATURAL RESOl^RCES .AND ENMRONAffiNT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NO.: (4-30-71). REMSED ('6-1-79) 

6 HOm R.AINF.ALL ('INCHES) PAGE 1 OF 3 

FREC^IWCY (A'E.ARS) 

COn^JTY 1 5 10 25 5() 1()() PNIP 

.AD.AIR 2.0 2.3 2.9 .4 3.8 4.4 4.6 28.7 

.ALLEN 2.1 2.4 3.0 .5 3.9 4.5 4.7 28.9 

.ANDERSON 1.9 2.8 -1 3.7 4.2 4.4 28.1 
B.ALL.ARD 2.6 3.2 .7 4.2 4.7 5.1 28.7 
B.ARREN 2.1 2.4 3.0 .4 3.9 4.4 4.7 28.8 
B.ATH 1.8 2.1 2.7 .1 3.6 4.0 4.3 28.0 
BELL 1.9 2.4 2.9 3.9 4.4 4.7 28.9 
BOONE 1.9 2.7 .1 3.5 4.0 4.2 27.5 
BOITLBON 1.9 2.7 -1 3.6 4.0 4.3 28.0 
BOYD 1.8 2.1 2.5 .() 3.6 3.8 4.2 27.9 
BOYLE 2.0 2.3 2.8 3.7 4.2 4.5 28.4 
BR.ACKEN 1.8 2.1 2.7 .1 3.5 3.9 4.2 27.7 
BRE.ATHITT 1.9 2.7 -1 3.7 4.0 4.5 28.4 
BRECKINRIDGE 2.0 2.4 2.9 .4 3.8 4.3 4.6 28.3 
BIDLITT 2.0 2.3 2.9 3.7 4.2 4.5 28.2 
BUTLER 2.1 2.4 3.0 .5 3.9 4.4 4.7 28.7 
C.ALDWDLL 2.5 3.1 .6 4.0 4.5 4.9 28.7 
C.ALLOW.AY 2.6 3.2 .7 4.1 4.7 5.() 29.0 
C.AAIPBELL 1.8 2.1 2.7 .1 3.5 3.9 4.2 27.5 
(CARLISLE 2.6 .7 4.2 4.7 5.1 28.9 
(CARROLL 1.9 2.7 3.6 4.0 4.3 1

J 

(CARTER 1.8 2.1 2.6 .0 3.6 3.9 4.2 27.9 
(CASEY 2.0 2.3 2.9 3.8 4.3 4.5 28.6 
CHRISTl.AN 2.5 3.1 .6 4.0 4.6 4.9 28.9 
CL.ARK 1.9 2.7 3.7 4.1 4.3 28.1 
CLAY 1.9 2.3 2.8 3.8 4.2 4.6 28.6 
CLINTON 2.0 2.4 3.0 .4 3.9 4.4 4.7 28.9 
CRITTENDEN 2.5 3.1 .6 4.0 4.5 4.9 28.6 
Cl^IBERL.AND 2.0 2.4 3.0 .4 3.9 4.4 4.7 28.9 
DAMESS 2.1 2.4 3.0 .4 3.9 4.4 4.7 28.3 
EDMONSON 2.1 2.4 3.0 .4 3.9 4.4 4.7 28.7 
ELLIOTT 1.8 2.1 2.6 .1 3.6 3.9 4.3 28.0 
ESTILL 1.9 2.7 3.7 4.1 4.4 28.3 
F.AYETTE 1.9 2.8 3.7 4.1 4.4 28.1 
FLENUNG 1.8 2.1 2.6 .1 3.6 3.9 4.2 27.9 
FLOYD 1.8 2.7 .1 3.8 3.9 4.5 28.4 
FR.ANKLIN 1.9 2.8 3.6 4.1 4.4 28.0 
FIDTON 2.3 2.6 .8 4.2 4.8 5.1 29.0 
G.ALL.ATIN 1.9 2.7 3.5 4.0 4.3 1

J 

G.ARR.ARD 1.9 2.8 3.7 4.2 4.4 28.3 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NO.: (4-30-71). REMSED ('6-1-79) 

6 HOm R.AINF.ALL ('INCHES) PAGE: OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 5 10 25 5() 1()() PNIP 

GR.ANT 1.9 2.7 .1 3.5 4.0 4.3 27.7 
GR.A\DS 2.6 .7 4.1 4.7 5.() 28.9 
GR.AYSON :.i 2.4 3.0 .4 3.9 4.4 4.7 28.5 
GREEN 2.0 2.3 2.9 .4 3.8 4.3 4.6 28.6 
GREENIT I.S 2.1 2.5 .() 3.5 3.8 4.1 1

J 

H.ANCOCK 2.1 2.4 3.0 .4 3.9 4.3 4.7 28.2 
H.ARDIN 2.0 2.3 2.9 .4 3.8 4.3 4.6 28.3 
H.ARL.AN 1.9 2.3 2.8 3.8 4.3 4.7 28.8 
H.ARRISON 1.9 2.7 .1 3.6 4.0 4.3 27.9 
H.ART 2.0 2.3 2.9 .4 3.9 4.4 4.6 28.6 
HENDERSON 2.1 2.5 3.0 .5 4.0 4.4 4.8 28.3 
HENRY 1.9 2.8 -1 3.6 4.1 4.4 27.9 
HICKMAN 2.3 2.6 .7 4.2 4.7 5.1 29.0 
HOPKINS 2.1 2.5 3.1 .5 4.0 4.5 4.8 28.6 
.TACKSON 1.9 2.3 2.8 -1 3.8 4.2 4.5 28.5 
.JEFFERSON 2.0 2.3 2.8 3.7 4.2 4.5 28.0 
.TESS.AMINE 1.9 2.8 3.7 4.1 4.4 28.2 
.TOHNSON 1.8 2.6 .1 3.7 3.9 4.4 28.2 
KENTON 1.8 2.1 2.7 .1 3.5 3.9 4.2 27.5 
KNOTT 1.9 2.7 3.8 4.0 4.5 28.5 
KNO.X 1.9 2.3 2.9 3.8 4.4 4.7 28.8 
L.ARl^ 2.0 2.3 2.9 .4 3.8 4.3 4.6 28.4 
L.AITIEL 1.9 2.3 2.8 3.8 4.3 4.6 28.7 
LAWRENCE 1.8 2.1 2.6 .() 3.6 3.9 4.3 28.1 
LEE 1.9 2.7 -1 3.7 4.1 4.4 28.4 
LESLIE 1.9 2.3 2.8 3.8 4.2 4.6 28.7 
LETCHER 1.9 2.3 2.8 -1 3.8 4.1 4.6 28.6 
LEWIS 1.8 2.1 2.6 .() 3.5 3.9 4.2 27.8 
LINCOLN 2.0 2.3 2.8 3.8 4.3 4.5 28.5 
LDTNGTON 2.5 3.2 .6 4.1 4.6 5.() 28.6 
LOG.AN 2.1 2.4 3.1 .5 4.0 4.5 4.8 28.9 
LYON 2.5 3.2 .6 4.1 4.6 4.9 28.8 
MCCR.ACKEN 2.6 3.2 .7 4.1 4.6 5.() 28.7 
MCCRE.ARY 2.0 2.4 2.9 .4 3.9 4.4 4.7 28.9 
MCCLE.AN 2.1 2.4 3.0 .5 3.9 4.4 4.8 28.5 
NLADISON 1.9 2.8 -1 3.7 4.2 4.4 28.3 
NLAGOFFIN 1.8 2.7 .1 3.7 4.0 4.4 28.3 
NLARION 2.0 2.3 2.9 3.8 4.3 4.5 28.4 
NLARSH.ALL 2.6 3.2 .7 4.1 4.6 5.() 28.8 
NLARTIN 1.8 2.1 2.6 .() 3.7 3.9 4.4 28.2 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

6 HOm R.AINF.ALL ('INCHES) PAGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 5 10 25 5() 1()() PNIP 

MASON I.S 2.1 2.6 .1 3.5 3.9 4.2 27.7 
NIE.ADE 2.0 2.3 2.9 3.8 4.3 4.6 28.2 
NIENIFEE 1.9 2.7 .1 3.7 4.0 4.3 28.2 
NIERCER 1.9 2.8 3.7 4.2 4.4 28.3 
NIETC.ALFE 2.0 2.4 3.0 .4 3.9 4.4 4.7 28.8 
MONROE 2.1 2.4 3.0 .5 3.9 4.5 4.7 28.9 
M(.)NG(.)NrER\ 1.9 2.7 .1 3.6 4.0 4.3 28.1 
MORG.AN 1.8 2.7 .1 3.7 4.0 4.3 28.2 
NIITILENBERG 2.1 2.5 3.1 .5 4.0 4.5 4.8 28.6 
NELSON 2.0 2.3 2.9 3.8 4.2 4.5 28.3 
NICHOLAS 1.8 2.1 2.7 .1 3.6 4.0 4.3 27.9 
OHIO 2.1 2.4 3.0 .4 3.9 4.4 4.7 28.5 
OLDH.AM 1.9 2.3 2.8 3.6 4.1 4.4 27.9 
OWDN 1.9 2.7 3.6 4.0 4.3 27.8 
OWSLEY 1.9 2.8 3.7 4.1 4.5 28.5 
PENDLETON 1.8 2.1 2.7 .1 3.5 4.0 4.2 1

J 

PERRY 1.7 2.3 2.8 3.8 4.1 4.6 28.6 
PIKE 1.8 2.7 .1 3.8 4.0 4.5 28.4 
POWELL 1.9 2.7 3.7 4.1 4.4 28.2 
PID.ASKI 2.0 2.3 2.9 3.8 4.3 4.6 28.7 
ROBERTSON 1.8 2.1 2.7 .1 3.5 4.0 4.2 27.8 
ROCKCASTLE 1.9 2.3 2.8 3.8 4.2 4.5 28.5 
ROW.AN 1.8 2.1 2.6 .1 3.6 3.9 4.3 28.0 
RUSSELL 2.0 2.3 2.9 .4 3.7 4.4 4.6 28.8 
SCOTT 1.9 2.7 3.6 4.1 4.3 27.9 
SHELBY 1.9 2.8 3.7 4.1 4.4 28.0 
SINIPSON 2.1 2.4 3.1 5 4.0 4.5 4.8 28.9 
SPENCER 2.0 2.3 2.8 3.7 4.2 4.4 28.1 
TAYLOR 2.0 2.3 2.9 .4 3.8 4.3 4.5 28.5 
TODD 2.5 3.1 .5 4.0 4.6 4.8 28.9 
TRIGG 2.5 3.1 .6 4.1 4.3 4.9 28.9 
TRINIBLE 1.9 2.8 -1 3.6 4.1 4.4 27.8 
INTON 2.1 2.5 3.1 .5 4.0 4.5 4.8 28.4 
W.ARREN 2.1 2.4 3.0 .5 3.9 4.5 4.7 28.8 
WASHINGTON 2.0 2.3 2.8 3.7 4.2 4.5 28.3 
WA\'NE 2.0 2.4 2.9 .4 3.9 4.4 4.7 28.9 
WEBSTER 2.1 2.5 3.1 .5 4.0 4.5 4.8 28.5 
WEITLEY 2.0 2.4 2.9 .4 3.9 4.4 4.7 28.9 
WOLFE 1.9 2.7 .1 3.7 4.0 4.4 28.3 
WOODFORD 1.9 2.8 3.7 4.1 4.4 28.1 



DIMSION OF WATER RESOITICES 
DEP.ARTN'IENT FOR NATURAL RESOl^RCES .AND ENMRONAffiNT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

12 HOm R.AINF.ALL ('INCHES) P.AGE 1 OF 3 

FREQl^NOW (A'E.ARS) 

COn^JTY 1 2 5 10 25 5() 100 PNIP 

.AD.AIR 2.4 2.S .5 4.0 4.5 5.1 5.5 3.8 

.ALLEN 2.5 2.9 .7 4.2 4.6 5.3 5.7 4.2 

.ANDERSON 2.3 1
J .4 3.8 4.3 4.8 5.3 3.1 

B.ALL.ARD 1
J 3.1 .8 4.4 4.9 5.6 6.0 4.1 

B.ARREN 2.5 2.9 .6 4.1 4.6 5.2 5.6 3.9 
B.ATH 2.6 3.6 4.2 4.6 5.2 2.6 
BELL 1

J
 

4
- 2.8 .4 3.9 4.5 4.9 5.6 4.2 

BOONE 2.6 3.6 4.1 4.6 5.1 2.1 
BOITLBON 2.6 3.7 4.2 4.7 5.2 3.0 
BO\D 2.1 2.5 .0 3.5 4.0 4.4 5.0 2.5 
BOYLE 2.3 1

J .4 3.9 4.4 4.9 5.4 
BR.ACKEN 2.6 .1 3.6 4.1 4.5 5.1 2.3 
BRE.ATHITT 2.6 3.7 4.2 4.7 5.3 3.5 
BRECKINRIDGE 2.4 2.8 .6 4.0 4.5 5.1 5.5 3.4 
BIDLITT 1

J
 

4
- 2.8 .5 3.9 4.4 4.9 5.4 3.2 

BUTLER 2.5 2.9 .6 4.1 4.6 5.3 5.7 3.7 
C.ALDWDLL 2.6 3.0 .7 4.3 4.8 5.4 5.8 4.0 
C.ALLOW.AY 1

J 3.1 .8 4.4 4.9 5.6 6.0 4.4 
C.AAIPBELL 2.6 .() 3.6 4.1 4.5 5.1 2.1 
(CARLISLE 1

J 3.1 .8 4.4 4.9 5.7 6.1 4.3 
(CARROLL 2.3 1

J 3.7 4.2 4.7 5.2 2.4 
(CARTER 2.1 2.5 .() 3.5 4.0 4.4 5.() 2.6 
(CASEY 1

J
 

4
- 2.8 .5 3.9 4.5 5.() 5.5 3.7 

CHRISTl.AN 2.6 3.0 .7 4.3 4.7 5.5 5.8 4.2 
CL.ARK 2.3 1

J 3.7 4.3 4.7 5.3 3.1 
CLAY 2.3 1

J 3.8 4.4 4.8 5.4 3.8 
CLINTON 2.5 2.9 .6 4.1 4.6 5.2 5.6 4.2 
CRITTENDEN 2.6 3.0 .7 4.3 4.8 5.4 5.8 3.7 
Cl^IBERL.AND 2.5 2.9 .6 4.1 4.6 5.2 5.6 4.2 
DAMESS 2.5 2.9 .6 4.1 4.6 5.2 5.6 3.5 
EDMONSON 2.5 2.9 .7 4.1 4.6 5.2 5.6 3.8 
ELLIOTT 2.1 2.5 .1 3.6 4.1 4.5 5.1 2.9 
ESTILL 2.3 1

J 3.7 4.3 4.8 5.3 3.4 
F.AYETTE 2.3 1

J 3.8 4.3 4.7 5.3 3.1 
FLENUNG 2.6 .1 3.6 4.1 4.5 5.1 2.6 
FLOYD 2.6 -1 3.7 4.2 4.6 5.2 3.5 
FR.ANKLIN 2.3 1

J 3.8 4.3 4.8 5.3 3.0 
FIDTON 1

J 3.2 .9 4.4 5.() 5.8 6.2 4.5 
G.ALL.ATIN 2.6 -1 3.7 4.2 4.6 5.2 2.3 
G.ARR.ARD 2.3 2.7 .4 3.8 4.3 4.9 5.4 3.5 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

12 HOm R.AINF.ALL ('INCHES) P.AGE 2 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 2 5 10 25 5() 1()() PNIP 

GR.ANT 2.6 3.7 4.2 4.6 5.2 32.2 
GR.A\DS 1J

 

3.1 .8 4.4 4.9 5.7 6.0 34.4 
GR.AYSON 2.5 2.9 .6 4.1 4.5 5.2 5.6 33.5 
GREEN 1

J 
4

- 2.S .5 4.0 4.5 5.1 5.5 33.7 
GREENIT 2.1 2.5 .() 3.5 4.0 4.4 5.() 32.4 
H.ANCOCK 2.5 2.9 .6 4.1 4.5 5.1 5.6 
H.ARDIN 1

J 
4
- 2.8 .5 4.0 4.5 5.1 5.5 33.4 

H.ARL.AN 2.3 1J
 

.4 3.8 4.4 4.9 5.5 34.0 
H.ARRISON 2.6 3.7 4.2 4.6 5.2 32.6 
H.ART 2.5 2.8 .6 4.1 4.5 5.2 5.5 33.7 
HENDERSON 2.5 2.9 .6 4.1 4.6 5.3 5.7 33.5 
HENRY 2.3 1J

 

3.8 4.3 4.8 5.3 32.6 
HICKMAN 1J

 

3.1 .9 4.4 4.9 5.7 6.1 34.4 
HOPKINS 2.6 3.0 .7 4.2 4.7 5.4 5.8 33.8 
.TACKSON 2.3 1J

 

3.8 4.3 4.8 5.4 33.5 
.JEFFERSON 1

J 
4
- 2.8 .4 3.9 4.4 4.9 5.4 33.0 

.TESS.AMINE 2.3 1J
 

3.8 4.3 4.8 5.3 
.TOHNSON 2.5 .1 3.6 4.1 4.5 5.1 33.1 
KENTON 2.6 -1 3.6 4.1 4.5 5.1 32.1 
KNOTT 2.6 -1 3.7 4.2 4.7 5.3 33.8 
KNO.X 1

J 
4
- 2.8 .4 3.9 4.4 4.9 5.5 34.0 

L.ARl^ I 
J 

4
- 2.8 .5 4.0 4.5 5.1 5.5 33.5 

L.AITIEL I 
J 

4
- 2.8 .4 3.9 4.4 4.9 5.5 33.8 

LAWRENCE 2.1 2.5 .() 3.5 4.0 4.5 5.1 32.9 
LEE 2.3 1J

 

3.7 4.3 4.7 5.3 33.5 
LESLIE 2.3 1J

 

3.8 4.3 4.8 5.4 33.8 
LETCHER 2.3 2.6 3.7 4.3 4.7 5.4 33.8 
LEWIS 2.1 2.5 .() 3.5 4.0 4.4 5.() 32.4 
LINCOLN 2.3 1J

 

.4 3.9 4.4 4.9 5.4 33.5 
LDTNGSTON 2.6 3.0 .8 4.3 4.8 5.5 5.9 34.0 
LOG.AN 2.6 2.9 .7 4.2 4.7 5.4 5.7 34.2 
LYON 2.6 3.0 .8 4.3 4.8 5.5 5.9 34.1 
MCCR.ACKEN 2.6 3.1 .8 4.4 4.9 5.6 6.0 34.1 
MCCRE.ARY 1

J 
4

- 2.8 .5 4.0 4.5 5.1 5.6 34.1 
MCLE.AN 2.5 2.9 .7 4.2 4.6 5.3 5.7 33.6 
NLADISON 2.3 1J

 

3.8 4.3 4.8 5.3 
NLAGOFFIN 2.6 -1 3.6 4.2 4.6 5.2 33.4 
NLARION 1 J

 
4

- 2.8 .5 3.9 4.4 5.() 5.4 33.5 
NLARSH.ALL 2.6 3.1 .8 4.3 4.8 5.6 5.9 34.2 
NLARTIN 2.1 2.5 .1 3.6 4.0 4.5 5.1 33.1 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

12 HOm R.AINF.ALL ('INCHES) P.AGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 2 5 10 25 5() 100 PNIP 

MASON 2.1 2.6 .1 3.6 4.1 4.5 5.1 2.3 
NIE.ADE 1

J E
 

2.8 .5 4.0 4.5 5.() 5.5 3.2 
NIENIFEE 2.6 3.6 4.2 4.6 5.2 3.1 
NIERCER 2.3 1

J E
 

.4 3.9 4.4 4.9 5.4 3.2 
NIETC.ALFE 2.5 2.9 .6 4.1 4.6 5.2 5.6 3.9 
M(;)NR(;)E 2.5 2.9 .6 4.1 4.6 5.3 5.7 4.2 
MONTGONIERY 2.6 3.7 4.2 4.6 5.2 3.1 
MORG.AN 2.6 .1 3.6 4.1 4.6 5.2 3.2 
NIITILENBERG 2.5 2.9 .7 4.2 4.7 5.3 5.7 3.8 
NELSON 1

J E
 

2.8 .5 3.9 4.4 5.() 5.4 
NICHOLAS 2.6 3.6 4.2 4.6 5.2 2.6 
OHIO 2.5 2.9 .6 4.1 4.6 5.2 5.6 3.6 
OLDH.AM 2.3 1

J E
 

.4 3.8 4.3 4.8 5.3 2.9 
OWDN 1 

J E
 

3.7 4.2 4.7 5.2 2.5 
OWSLEY 2.3 1 

J E
 

3.8 4.3 4.8 5.3 3.5 
PENDLETON 2.6 3.6 4.2 4.6 5.2 
PERRY 2.3 1

J E
 

3.7 1.3 4.8 5.4 3.7 
PIKE 2.5 3.7 4.1 4.6 5.2 3.5 
POWELL 2.6 3.7 4.2 4.7 5.3 
PID.ASKI 1 

J E
 

2.8 5 3.9 4.5 5.() 5.5 3.8 
ROBERTSON 2.6 .1 3.6 4.1 4.5 5.1 2.4 
ROCKCASTLE 2.3 1

J E
 

.4 3.8 4.4 4.9 5.4 3.5 
ROW.AN 2.6 .1 3.6 4.1 4.5 5.1 2.6 
RUSSELL 1 

J E
 

2.8 .5 4.0 4.5 5.1 5.5 3.9 
SCOTT 2.3 1

J E
 

3.7 4.2 4.7 5.2 2.8 
SHELBY 2.3 1 

J E
 

.4 3.8 4.3 4.8 5.3 3.0 
SINIPSON 2.6 2.9 .7 4.2 4.7 5.4 5.7 4.2 
SPENCER 2.3 1

J E
 

.4 3.9 4.4 4.9 5.4 3.1 
TAYLOR 1 

J E
 

2.8 .5 4.0 4.5 5.() 5.5 3.6 
TODD 2.6 3.0 .7 4.2 4.7 5.4 5.8 4.2 
TRIGG 2.6 3.0 .8 4.3 4.8 5.5 5.9 4.2 
TRINIBLE 2.3 1

J E
 

3.8 4.3 4.8 5.3 2.4 
INTON 2.6 3.0 .7 4.3 4.7 5.3 5.8 3.5 
W.ARREN 2.5 2.9 .6 4.1 4.6 5.3 5.7 3.9 
WASHINGTON 1

J E
 

2.8 .4 3.9 4.4 4.9 5.4 
WA\'NE 1 

J E
 

2.8 .5 4.0 4.6 5.1 5.6 4.1 
WEBSTER 2.6 3.0 .7 4.2 4.7 5.3 5.8 3.5 
WEITLEY 1

J E
 

2.8 .5 3.9 4.5 5.() 5.6 4.1 
WOLFE 2.6 -1 3.7 4.2 4.7 5.2 3.2 
WOODFORD 2.3 1 

J E
 

3.8 4.3 4.8 5.3 3.1 



DIMSION OF WATER RESOITICES 
DEP.ARTN'IENT FOR NATURAL RESOl^RCES .AND ENMRONAffiNT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

24 HOm R.AINF.ALL ('INCHES) P.AGE 1 OF 3 

FREC^IWCY (A'E.ARS) 

COn^JTY 1 2 5 10 25 5() 100 PNIP 

.AD.AIR 2.S 4.1 4.6 5.4 5.9 6.4 6.5 

.ALLEN 2.8 .4 4.3 4.8 5.6 6.1 6.6 7.0 

.ANDERSON 1
J .1 3.9 4.4 5.2 5.6 6.2 5.() 

B.ALL.ARD 3.1 .6 4.5 5.1 5.8 6.5 7.0 6.5 
B.ARREN 2.8 4.2 4.7 5.5 6.0 6.5 6.5 
B.ATH 2.5 .() 3.7 4.2 4.9 5.4 5.9 5.() 
BELL 2.6 .1 3.9 4.5 5.2 5.8 6.3 7.0 
BOONE 2.6 .() 3.7 4.2 4.9 5.4 5.9 4.0 
BOL^RBON 2.6 .0 3.8 4.3 5.0 5.4 6.0 5.0 
BOYD 2.5 .7 3.5 4.0 4.6 5.() 5.5 5.() 
BOYLE 1

J 4.0 4.5 5.2 5.7 6.3 5.5 
BR.ACKEN 2.5 .0 3.7 4.2 4.9 5.3 5.8 4.5 
BRE.ATHITT 2.6 .0 3.7 4.3 4.9 5.4 5.9 6.0 
BRECKINRIDGE 2.8 4.1 4.6 5.4 5.9 6.4 5.5 
BIDLITT 1

J 4.0 4.5 5.2 5.7 6.3 5.5 
BUTLER 2.9 .4 4.2 4.8 5.5 6.1 6.6 6.0 
C.ALDWDLL 3.0 .4 4.3 4.9 5.6 6.3 6.8 6.5 
C.ALLOW.AY 3.1 .5 4.4 5.() 5.8 6.5 6.9 7.0 
C.AAIPBELL 2.5 .() 3.7 4.2 4.9 5.3 5.8 4.0 
(CARLISLE 3.1 .6 4.5 5.1 5.8 6.5 7.0 7.0 
(CARROLL 2.6 .1 3.8 4.3 5.1 5.5 6.1 4.5 
(CARTER 2.5 .8 3.6 4.0 4.7 5.1 5.6 5.() 
(CASEY 1

J 4.0 4.5 5.3 5.8 6.3 6.0 
CHRISTl.AN 3.0 .4 4.3 4.9 5.7 6.3 6.8 6.5 
CL.ARK 2.6 .() 3.8 4.3 5.() 5.5 6.1 5.5 
CLAY 2.6 .() 3.8 4.4 5.1 5.6 6.2 6.5 
CLINTON 2.8 4.2 4.7 5.5 6.0 6.5 7.0 
CRITTENDEN 3.0 .5 4.3 4.7 5.6 6.3 6.8 6.0 
Cl^IBERL.AND 2.8 4.2 4.7 5.5 6.0 6.5 7.0 
DAMESS 2.8 4.2 4.7 5.5 6.0 6.5 5.5 
EDMONSON 2.8 4.2 4.7 5.5 6.0 6.5 6.0 
ELLIOTT 2.5 .8 3.6 4.1 4.7 5.2 5.7 5.5 
ESTILL 2.6 .() 3.8 4.3 5.() 5.5 6.1 5.5 
F.AYETTE 2.6 .1 3.8 4.3 5.1 5.5 6.1 5.5 
FLENUNG 2.5 .9 3.6 4.1 4.8 5.3 5.8 5.() 
FLOYD 2.5 .9 3.7 4.2 4.8 5.3 5.7 6.0 
FR.ANKLIN 2.6 .1 3.9 4.4 5.1 5.5 6.1 5.() 
FIDTON 3.1 .7 4.5 5.2 5.9 6.6 7.1 7.5 
G.ALL.ATIN 2.6 .1 3.8 4.3 5.() 5.4 6.0 4.5 
G.ARR.ARD 2.6 .1 3.9 4.4 5.2 5.6 6.2 6.0 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

24 HOm R.AINF.ALL ('INCHES) P.AGE 2 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 2 5 10 25 5() 100 PNIP 

GR.ANT 2.6 .1 3.7 4.2 5.() 5.4 6.0 4.5 
GR.A\DS 3.1 .6 4.5 5.1 5.8 6.5 7.() 7.0 
GR.AYSON 2.8 4.2 4.7 5.5 6.0 6.2 6.0 
GREEN 2.8 4.1 4.6 5.4 5.9 6.4 6.0 
GREENIT 2.5 .8 3.5 4.0 4.6 5.() 5.5 5.() 
H.ANCOCK 2.8 4.1 4.7 5.4 6.0 6.5 5.5 
H.ARDIN 1

J -1 4.1 4.6 5.3 5.9 6.4 5.5 
H.ARL.AN 2.6 .() 3.8 4.4 5.1 5.7 6.1 7.0 
H.ARRISON 2.6 .() 3.7 4.2 5.() 5.4 6.0 5.() 
H.ART 2.8 4.1 4.6 5.4 5.9 6.4 6.0 
HENDERSON 2.9 .4 4.2 4.8 5.5 6.1 6.6 5.5 
HENRY 2.6 .1 3.9 4.4 5.1 5.5 6.1 4.5 
HICKMAN 3.1 .6 4.5 5.2 5.9 6.6 7.() 7.0 
HOPKINS 2.9 .4 4.3 4.8 5.5 6.2 6.7 6.0 
.TACKSON 2.9 .1 3.8 4.4 5.1 5.6 6.2 6.0 
.JEFFERSON 1

J 4.0 4.5 5.2 5.7 6.2 5.() 
.TESS.AMINE 2.6 .1 3.9 4.4 5.1 5.5 6.2 5.5 
.TOHNSON 2.5 .8 3.6 4.1 4.7 5.2 5.7 5.5 
KENTON 2.5 .() 3.7 4.2 4.9 5.3 5.8 4.0 
KNOTT 2.5 .9 3.7 4.3 4.9 5.5 5.9 6.5 
KNO.X 2.6 .1 3.9 4.5 5.2 5.8 6.3 7.0 
L.ARl^ 1

J 4.1 4.6 5.3 5.8 6.4 5.5 
L.AITIEL 2.6 .1 3.9 4.5 5.2 5.7 6.3 6.5 
LAWRENCE 2.5 .8 3.6 4.0 4.7 5.1 5.6 5.5 
LEE 2.6 .() 3.8 4.3 5.() 5.5 6.1 6.0 
LESLIE 2.6 .() 3.8 4.4 5.() 5.6 6.1 6.5 
LETCHER 2.5 .9 3.7 4.3 4.9 5.6 5.9 6.5 
LEWIS 2.5 .8 3.6 4.0 4.7 5.1 5.6 5.() 
LINCOLN 1

J 3.9 4.5 5.2 5.7 6.3 6.0 
LDTNGSTON 3.0 5 4.4 4.9 5.7 6.1 6.9 6.0 
LOG.AN 2.9 .4 4.3 4.8 5.6 6.2 6.7 6.5 
LYON 3.0 .5 4.4 4.9 5.7 6.4 6.8 6.5 
MCCR.ACKEN 3.0 .6 4.4 5.() 5.8 6.4 6.9 6.5 
MCRE.ARY 1

J 4.0 4.6 5.3 5.9 6.4 7.0 
MCLE.AN 2.9 .4 4.2 4.8 5.5 6.1 6.6 5.5 
NLADISON 2.6 .1 3.8 4.3 5.1 5.6 6.1 5.5 
NLAGOFFIN 2.5 .9 3.7 4.2 4.8 5.3 5.8 6.0 
NLARION 1

J -1 4.0 4.5 5.3 5.8 6.3 6.0 
NLARSH.ALL 3.0 .5 4.4 5.() 5.7 6.4 6.9 7.0 
NLARTIN 2.5 2.8 3.6 4.1 4.7 5.2 5.6 6.0 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

24 HOm R.AINF.ALL ('INCHES) P.AGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 2 5 10 25 5() 100 PNII 

MASON 2.5 2.9 3.6 4.1 4.8 5.3 5.8 4.5 
NIE.ADE 1

J 4.1 4.6 5.3 5.8 6.4 5.(^ 
NIENIFEE 2.5 .9 3.7 4.2 4.9 5.4 5.9 5.5 
NIERCER 1

J 3.9 4.4 5.2 5.6 6.2 5.5 
NIETC.ALFE 2.8 4.2 4.7 5.5 6.0 6.5 6.5 
M(;)NR(;)E 2.8 .4 4.2 4.7 5.6 6.0 6.6 is. 
MONTGONIERY 2.6 .() 3.7 4.2 5.() 5.4 6.0 5.5 
MORG.AN 2.5 .9 3.7 4.1 4.8 5.3 5.8 5.5 
NIITILENBERG 2.9 .4 4.3 4.8 5.5 6.2 6.7 6.( 
NELSON 1

J 4.0 4.5 5.3 5.7 6.3 5.5 
NICHOLAS 2.6 .0 3.7 4.2 4.9 5.4 5.9 5.(^ 
OHIO 2.8 4.2 4.7 5.5 6.0 6.5 6.( 
OLDH.AM 1

J 3.9 4.4 5.2 5.6 6.2 4.5 
OWDN 2.6 .1 3.8 4.3 5.1 5.5 6.1 4.5 
OWSLEY 2.6 .1 3.8 4.3 5.1 5.5 6.1 6.5 
PENDLETON 2.6 .1 3.7 4.2 4.9 5.3 5.9 4.5 
PERRY 2.5 .() 3.8 4.3 5.() 5.5 6.0 6.5 
PIKE 2.5 .9 3.6 4.2 4.8 5.4 5.7 6.5 
POWELL 2.6 .() 3.8 4.3 5.() 5.5 6.0 5.5 
PID.ASKI 1

J 4.0 4.5 5.3 5.8 6.3 6.5 
ROBERTSON 2.5 .0 3.7 4.2 4.9 5.3 5.9 4.5 
ROCKCASTLE 2.6 .1 3.9 4.4 5.2 5.7 6.2 6.( 
ROW.AN 2.5 .9 3.6 4.1 4.8 5.3 5.8 5.(^ 
RUSSELL 2.8 4.1 4.6 5.4 5.9 6.4 6.5 
SCOTT 2.6 .1 3.8 4.3 5.1 5.5 6.1 5.(^ 
SHELBY 1

J -1 3.9 4.4 5.2 5.6 6.2 5.(^ 
SINIPSON 2.9 .4 4.3 4.8 5.6 6.1 6.7 l.(. 
SPENCER 2.7 -1 4.0 4.5 5.2 5.6 6.2 5.(^ 
TAYLOR 1

J -1 4.1 4.6 5.3 5.8 6.4 6.( 
TODD 2.9 .4 4.3 4.9 5.6 6.3 6.7 6.5 
TRIGG 3.0 .5 4.4 5.() 5.7 6.4 6.8 l.(. 
TRINIBLE 2.6 .1 3.9 4.4 5.1 5.5 6.1 4.5 
INTON 2.9 .4 4.3 4.8 5.5 6.2 6.7 5.5 
W.ARREN 2.9 .4 4.2 4.8 5.5 6.1 6.6 6.5 
WASHINGTON 1

J 4.0 4.5 5.2 5.7 6.3 5.5 
WA\'NE 2.8 4.1 4.6 5.4 5.9 6.4 l.(. 
WEBSTER 2.9 .4 4.3 4.8 5.5 6.2 6.7 6.( 
WEITLEY 1

J 4.0 4.5 5.3 5.9 6.4 l.(. 
WOLFE 2.5 .9 3.7 4.2 4.9 5.4 5.9 6.( 
WOODFORD 2.6 .1 3.9 4.4 5.1 5.6 6.2 5.(^ 



DIMSION OF WATER RESOITICES 
DEP.ARTN'IENT FOR NATURAL RESOl^RCES .AND ENMRONAffiNT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED (6-1-79) 

: DAY R.A1NFALL (INCHES) P.AGE 1 OF 3 

FRE(^irENCY (YE.ARS) 

COIDJTY 1 2 5 10 25 50 100 PNIP 

.AD.AIR 0 3.8 4.6 5.3 6.3 6.7 7.5 4().() 

.ALLEN 0 3.9 4.8 5.5 6.5 7.0 7.8 40.5 

.ANDERSON 0 3.6 4.4 5.1 6.0 6.4 7.2 39.0 
B.ALL.ARD 0 4.2 5.2 5.9 4.8 7.6 8.3 40.5 
B.ARREN 0 3.9 4.7 5.5 6.4 6.9 7.7 4().() 
B.ATH 0 3.4 4.1 4.9 5.6 6.1 6.9 39.0 
BELL 0 3.6 4.5 5.1 6.0 6.7 7.3 41.0 
BOONE 0 3.4 4.1 4.8 5.6 6.0 6.8 38.0 
BOITLBON 0 3.5 4.2 4.9 5.7 6.1 7.0 38.5 
BOYD 0 3.2 3.9 4.6 5.2 5.8 6.4 38.5 
BO\XE 0 3.6 4.4 5.2 6.1 6.5 7.3 39.5 
BR.ACKEN 0 3.4 4.1 4.8 5.5 6.0 6.8 38.0 
BRE.ATHITT 0 3.4 4.2 4.9 5.6 6.3 6.9 39.5 
BRECKINRIDGE 0 3.8 4.6 5.3 6.3 6.7 7.5 39.0 
BIXLITT 0 3.7 4.5 5.2 6.2 6.5 7.3 39.0 
BUTLER 0 3.9 4.8 5.5 6.4 6.9 7.7 4().() 
C.ALDWDLL 0 4.0 5.(1 5.7 6.6 7.2 7.9 4().() 
C.ALLOW.AY 0 4.1 5.1 5.9 6.8 7.6 8.2 41.0 
C.AAIPBELL 0 3.4 4.1 4.7 5.5 6.0 6.8 38.0 
(CARLISLE 0 4.2 5.2 6.0 6.8 7.7 8.3 41.0 
(CARROLL 0 3.5 4.2 4.9 5.8 6.2 7.0 38.0 
(CARTER 0 3.2 4.0 4.7 5.3 5.9 6.6 38.5 
(CASEY 0 3.7 4.5 5.2 6.2 6.6 7.4 4().() 
CHRISTl.AN 0 4.0 5.(1 5.7 6.6 7.2 7.9 40.5 
CL.ARK 0 3.5 4.2 5.(1 5.8 6.2 7.1 39.0 
CLAY 0 3.5 4.4 5.(1 5.9 6.5 7.3 4().() 
CLINTON 0 3.8 4.7 5.6 6.4 6.9 7.6 40.5 
CRITTTENDEN 0 4.0 5.(1 5.7 6.6 7.2 7.9 4().() 
CIXIBERL.AND 0 3.8 4.7 5.4 6.4 6.9 7.6 40.5 
DAMESS 0 3.8 4.7 5.4 6.4 6.9 7.6 39.5 
EDMONSON 0 3.8 4.7 5.5 6.4 6.8 7.6 4().() 
ELLIOTT 0 3.3 4.0 4.7 5.4 6.0 6.7 39.0 
ESTILL 0 3.5 4.3 5.(1 5.8 6.3 7.1 39.5 
F.AYETTE 0 3.5 4.3 5.(1 5.9 6.3 7.1 39.0 
FLENUNG /A ^ ^ 0 jt.jt 4.0 4.8 5.5 6.0 6.8 38.5 
FLOYD 0 3.3 4.0 4.8 5.5 6.2 6.7 4().() 
FR.ANKLIN 0 3.6 4.2 5.(1 5.9 6.3 7.1 38.5 
FIXTON 0 4.3 5.3 6.1 7.0 7.9 8.5 41.0 
G.ALL.ATIN 0 3.5 4.2 4.9 5.7 6.1 7.0 38.0 
G.ARR.ARD 0 3.6 4.4 5.1 6.0 6.4 7.2 39.5 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

2 DAY R.AINF.ALL ('INCHES) P.AGE 2 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 5 10 25 5() 1()() PNIP 

GR.ANT ( ) 3.5 4.2 4.9 5.7 6.1 7.0 38.0 
GR.A\DS ( ) 4.2 5.3 5.9 6.8 7.6 8.3 41.0 
GR.AYSON ( ) 3.8 4.7 5.4 6.3 6.8 7.6 39.5 
GREEN ( ) 3.8 4.6 5.3 6.3 6.7 7.5 4().() 
GREENIT ( ) 3.2 3.9 4.6 5.8 6.4 38.5 
H.ANCOCK ( ) 3.8 4.7 5.4 6.3 6.8 7.6 39.0 
H.ARDIN ( ) 3.7 4.6 5.3 6.3 6.6 7.4 39.5 
H.ARL.AN ( ) 3.5 4.4 4.9 5.8 6.6 7.2 41.0 
H.ARRISON ( ) 3.5 4.0 4.9 5.7 6.1 7.0 38.5 
H.ART ( ) 3.8 4.7 5.4 6.3 6.8 7.6 39.5 
HENDERSON ( ) 3.9 4.8 5.5 6.4 6.9 7.7 39.0 
HENRY ( ) 3.6 4.3 5.() 5.9 6.2 7.1 38.5 
HICKMAN ( ) 4.2 5.2 6.0 6.9 7.8 8.4 41.0 
HOPKINS ( ) 3.9 4.9 5.6 6.5 7.0 7.8 39.5 
.TACKSON ( ) 3.5 4.3 5.1 5.9 6.4 7.2 4().() 
.JEFFERSON ( ) 3.6 4.4 5.1 6.1 6.4 7.3 38.5 
.TESS.AMINE ( ) 3.6 4.3 5.1 6.0 6.2 7.1 39.0 
.TOHNSON ( ) 4.0 4.7 5.4 6.0 6.7 39.5 
KENTON ( ) 3.4 4.1 4.8 5.5 6.0 6.8 38.0 
KNOTT ( ) 3.4 4.1 4.8 5.6 6.3 6.9 4().() 
KNO.X ( ) 3.6 4.5 5.1 6.0 6.6 7.3 40.5 
L.ARl^ ( ) 3.7 4.6 5.3 6.2 6.6 7.4 39.5 
L.AITIEL ( ) 3.6 4.4 5.1 6.0 6.6 7.3 4().() 
LAWRENCE ( ) 3.2 3.9 4.7 5.3 6.0 6.5 39.0 
LEE ( ) 3.5 4.2 5.() 5.8 6.3 7.0 39.5 
LESLIE ( ) 3.5 4.3 5.() 5.8 6.5 7.1 40.5 
LETCHER ( ) 3.4 4.2 4.8 5.6 6.4 6.9 40.5 
LEWIS ( ) 3.2 4.0 4.7 5.4 5.9 6.6 38.5 
LINCOLN ( ) 3.6 4.4 5.2 6.1 6.5 7.3 39.5 
LDTNGSTON ( ) 4.0 5.1 5.8 6.7 7.4 8.0 4().() 
LOG.AN ( ) 3.9 4.9 5.6 6.5 7.0 7.8 40.5 
LYON ( ) 4.0 5.() 5.8 6.7 7.3 8.0 4().() 
MCCR.ACKEN ( ) 4.1 5.1 5.9 6.7 7.6 8.2 40.5 
MCCRE.ARY ( ) 3.7 4.6 5.3 6.2 6.8 7.5 40.5 
MCLE.AN ( ) 3.9 4.8 5.5 6.5 6.9 7.7 39.5 
NLADISON ( ) 3.5 4.3 5.1 5.9 6.3 7.1 39.5 
NLAGOFFIN ( ) 4.1 4.8 5.5 6.2 6.8 39.5 
NLARION ( ) 3.7 4.5 5.2 6.2 6.6 7.4 39.5 
NLARSH.ALL ( ) 4.1 5.1 5.9 6.7 7.5 8.1 40.5 
NLARTIN ( ) 3.2 3.9 4.7 5.3 6.0 6.6 39.5 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

2 DAY R.AINF.ALL ('INCHES) P.AGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 1 5 10 25 5() 1()() PNIP 

MASON ( 4.0 4.8 5.5 5.9 6.7 38.( 
NIE.ADE ( .7 4.6 5.3 6.2 6.6 7.4 39.( 
NIENIFEE ( .4 4.1 4.9 5.6 6.1 6.9 39.( 
NIERCER ( .6 4.4 5.1 6.0 6.4 7.2 39.( 
NIETC.ALFE ( .8 4.7 5.4 6.4 6.8 7.6 40.( 
MONROE ( .9 4.8 5.5 6.5 6.9 7.7 40.5 
M(.)NG(.)NrER\ ( .4 4.2 4.9 5.7 6.2 7.0 39.( 
MORG.AN ( 4.1 4.8 5.5 6.1 6.8 39.( 
NIITILENBERG ( .9 4.9 5.6 6.5 7.0 7.8 40.( 
NELSON ( .7 4.5 5.2 6.2 6.5 7.3 39.( 
NICHOLAS ( .4 4.1 4.9 5.6 6.1 6.9 38.5 
OHIO ( .8 4.7 5.5 6.4 6.9 7.7 39.5 
OLDH.AM ( .6 4.4 5.() 6.0 6.3 7.2 38.5 
OWDN ( .5 4.2 4.9 5.8 6.2 7.0 38.5 
OWSLEY ( .5 4.3 5.() 5.8 6.4 7.1 4().() 
PENDLETON ( .4 4.1 4.8 5.6 6.0 6.9 38.0 
PERRY ( .4 4.2 4.9 5.7 6.4 7.0 4().() 
PIKE ( 4.0 4.7 5.4 6.2 6.7 4().() 
POWELL ( .5 4.2 5.() 5.7 6.2 7.0 39.5 
PID.ASKI ( .7 4.5 5.2 6.1 6.6 7.4 4().() 
ROBERTSON ( .4 4.1 4.8 5.6 6.0 6.8 38.5 
ROCKCASTLE ( .6 4.4 5.1 6.0 6.5 7.2 4().() 
ROW.AN ( 4.0 4.8 5.5 6.0 6.8 39.0 
RUSSELL ( .8 4.6 5.3 6.3 6.7 7.5 4().() 
SCOTT ( .5 4.2 5.() 5.8 6.2 7.1 38.5 
SHELBY ( .6 4.4 5.1 6.0 6.3 7.2 38.5 
SINIPSON ( .9 4.9 5.6 6.5 7.0 7.8 40.5 
SPENCER ( .6 4.4 5.1 6.1 6.4 7.2 39.0 
TAYLOR ( .7 4.6 5.3 6.2 6.6 7.4 39.5 
TODD ( .9 4.9 5.7 6.6 7.2 7.9 40.5 
TRIGG ( ) 4.0 5.() 5.8 6.7 7.4 8.0 40.5 
TRINIBLE ( ) 3.6 4.3 5.() 5.9 6.2 7.1 38.0 
INTON ( ) 3.9 4.9 5.6 6.5 7.1 7.8 39.5 
W.ARREN ( ) 3.9 4.8 5.5 6.5 6.9 7.7 4().() 
WASHINGTON ( ) 3.6 4.4 5.2 6.1 6.5 7.3 39.0 
WA\'NE ( ) 3.7 4.6 5.3 6.3 6.8 7.5 40.5 
WEBSTER ( ) 3.9 4.9 5.6 6.5 7.0 7.8 39.5 
WEITLEY ( ) 3.7 4.6 5.2 6.1 6.7 7.4 41.0 
WOLFE ( ) 3.4 4.1 4.9 5.6 6.2 6.9 39.5 
WOODFORD ( ) 3.6 4.3 5.() 6.0 6.3 7.1 39.0 



DIMSION OF WATER RESOITICES 
DEP.ARTN'IENT FOR NATURAL RESOl^RCES .AND ENMRONAffiNT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

4 DAY R.AINFALL ('INCHES) P.AGE 1 OF 3 

FREC^IWCY (A'E.ARS) 

COIDJTY 5 10 25 5() 1()() 

.AD.AIR 4.4 5.6 6.3 7.4 8.0 8.7 

.ALLEN 4.6 5.8 6.6 7.9 8.5 9.0 

.ANDERSON 4.2 5.3 5.9 6.8 7.5 8.3 
B.ALL.ARD 4.9 6.2 7.2 8.5 9.4 10.1 
B.ARREN 4.5 5.7 6.5 7.7 8.3 8.9 
B.ATH 4.0 4.9 5.6 6.5 7.2 8.0 
BELL 4.1 5.3 6.0 7.0 7.9 8.5 
BOONE 4.0 5.() 5.5 6.5 7.1 7.9 
BOITLBON 4.1 5.() 5.7 6.6 7.3 8.1 
BOYD 3.8 4.7 5.4 6.1 6.8 7.5 
BO\XE 4.2 6.3 6.0 6.9 7.7 8.4 
BR.ACKEN 4.0 4.9 5.5 6.4 7.1 7.9 
BRE.ATHITT 4.0 4.9 5.7 6.6 7.4 8.0 
BRECKINRIDGE 4.4 5.6 6.3 7.3 7.9 8.8 
BIXLITT 4.3 5.4 6.0 6.9 7.7 8.5 
BUTLER 4.6 5.7 6.6 7.8 8.3 9.0 
C.ALDWDLL 4.7 5.9 6.9 8.2 8.9 9.5 
C.ALLOW.AY 4.1 5.1 5.9 6.8 7.6 8.2 
C.AAIPBELL 4.0 4.9 5.5 6.4 7.0 7.9 
(CARLISLE 5.() 6.2 7.2 8.6 9.6 10.2 
(CARROLL 4.1 5.1 5.7 6.6 7.2 8.1 
(CARTER 3.9 4.7 5.4 6.2 6.9 7.6 
(CASEY 4.3 5.4 6.1 7.0 7.8 8.6 
CHRISTl.AN 4.7 5.9 6.9 8.2 8.9 9.5 
CL.ARK 4.1 5.1 5.8 6.6 7.4 8.1 
CLAY 4.0 5.1 5.9 6.9 7.7 8.2 
CLINTON 4.5 5.7 6.4 7.6 8.2 8.8 
CRITTENDEN 4.7 5.9 6.9 8.3 8.9 9.6 
CIXIBERL.AND 4.5 5.7 6.4 7.6 8.2 8.9 
DAMESS 4.5 5.7 6.5 7.7 8.2 8.9 
EDMONSON 4.5 5.7 6.5 7.6 8.2 8.9 
ELLIOTT 3.9 4.8 5.5 6.3 7.0 7.7 
ESTILL 4.1 5.1 5.8 6.7 7.5 8.2 
F.AYETTE 4.1 5.1 5.8 6.7 7.4 8.2 
FLENUNG 4.0 4.9 5.5 6.4 7.1 7.8 
FLOYD 3.9 4.8 5.6 6.5 7.1 7.7 
FRN.AKLIN 4.2 5.2 5.8 6.7 7.4 8.2 
FIXTON 5.1 6.3 74 8.8 9.7 10.4 
G.ALL.ATIN 4.1 5.() 5.6 6.5 7.2 8.0 
G.ARR.ARD 4.2 5.2 6.0 6.8 7.6 8.3 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

4 DAY R.AINF.ALL ('INCHES) P.AGE 2 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 5 10 25 5() 1()() 

GR.ANT 4.1 5.() 5.6 6.5 7.2 8.0 
GR.A\DS 5.() 6.2 7.2 8.6 9.4 10.1 
GR.AYSON 4.5 5.6 6.4 7.5 8.0 8.8 
GREEN 4.4 5.6 6.3 7.3 7.9 8.7 
GREENIT 3.8 4.7 5.3 6.1 6.8 7.5 
H.ANCOCK 4.5 5.6 6.3 7.4 7.9 8.8 
H.ARDIN 4.4 5.5 6.2 7.2 7.8 8.7 
H.ARL.AN 4.0 5.() 5.9 6.8 7.7 8.2 
H.ARRISON 4.1 5.() 5.7 6.5 7.2 8.0 
H.ART 4.4 5.6 6.4 7.4 8.0 8.8 
HENDERSON 4.6 5.8 6.6 7.8 8.5 9.0 
HENRY 4.2 5.2 5.8 6.7 7.3 8.2 
HICKMAN 5.() 6.3 7.3 8.7 9.5 10.2 
HOPKINS 4.7 5.8 6.7 8.0 8.7 9.3 
.TACKSON 4.1 5.1 5.9 6.8 7.6 8.3 
.JEFFERSON 4.3 5.3 6.0 6.9 7.6 8.4 
.TESS.AMINE 4.2 5.2 5.9 6.8 7.5 8.3 
.TOHNSON 3.9 4.8 5.5 6.4 7.1 7.7 
KENTON 4.0 4.9 5.5 6.4 7.0 7.9 
KNOTT 3.9 4.9 5.7 6.6 7.3 7.9 
KNO.X 4.1 5.3 6.0 7.0 7.8 8.4 
L.ARl^ 4.4 5.5 6.2 7.2 7.8 8.7 
L.AITIEL 4.1 5.3 6.0 7.0 7.8 8.4 
LAWRENCE 3.9 4.7 5.4 6.3 6.9 7.6 
LEE 4.0 5.() 5.8 6.7 7.5 8.1 
LESLIE 4.0 5.() 5.8 6.8 7.6 8.2 
LETCHER 3.9 4.9 5.7 6.7 7.4 7.9 
LEWIS 3.9 4.8 5.4 6.2 7.0 7.7 
LINCOLN 4.2 5.3 6.0 6.9 7.7 8.4 
LDTNGSTON 4.8 6.0 7.0 8.3 9.1 9.8 
LOG.AN 4.7 5.8 6.7 8.1 8.6 9.2 
LYON 4.8 6.0 7.0 8.3 9.1 9.7 
MCCR.ACKEN 4.9 6.1 7.1 8.5 9.3 !().() 
MCCRE.ARY 4.3 5.5 6.3 7.4 8.1 8.7 
MCLE.AN 4.6 5.8 6.6 7.8 8.4 9.0 
NLADISON 4.1 5.2 5.9 6.8 7.5 8.2 
NLAGOFFIN 3.9 4.9 5.6 6.5 7.2 7.8 
NLARION 4.3 5.4 6.1 7.0 7.8 8.6 
NLARSH.ALL 4.9 6.1 7.1 8.4 9.2 9.9 
NLARTIN 3.9 4.8 5.5 6.4 7.0 7.6 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

4 DAY R.AINF.ALL ('INCHES) P.AGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 5 10 25 5() 1()() 

MASON 4.0 4.8 5.5 6.3 7.0 7.8 
NIE.ADE 4.4 5.5 6.1 7.1 7.8 8.6 
NIENIFEE 4.0 4.9 5.7 6.4 7.3 8.0 
NIERCER 4.2 5.3 6.0 6.5 7.7 8.4 
NIETC.ALFE 4.5 5.7 6.4 7.5 8.1 8.8 
M(;)NR(;)E 4.5 5.7 6.5 7.8 8.4 8.9 
MONTGONIERY 4.0 5.() 5.7 6.6 7.3 8.1 
MORG.AN 3.9 4.8 5.6 6.5 7.2 7.9 
NIITILENBERG 4.6 5.8 6.7 8.0 8.5 9.1 
NELSON 4.3 5.4 6.1 7.0 7.7 8.5 
NICHOLAS 4.0 4.9 5.6 6.5 7.2 8.0 
OHIO 4.5 5.7 6.5 7.7 8.2 8.9 
OLDH.AM 4.2 5.2 5.8 6.8 7.4 8.3 
OWDN 4.1 5.1 5.7 6.6 7.3 8.1 
OWSLEY 4.0 5.() 5.8 6.8 7.5 8.2 
PENDLETON 4.0 4.9 5.6 6.4 7.1 7.9 
PERRY 4.0 5.() 5.8 6.7 7.5 8.0 
PIKE 3.9 4.8 5.6 6.5 7.0 7.7 
POWELL 4.0 5.() 5.8 6.6 7.4 8.1 
PID.ASKI 4.3 5.4 6.1 7.1 7.9 8.6 
ROBERTSON 4.0 4.9 5.5 6.4 7.1 7.9 
ROCKCASTLE 4.2 5.3 6.0 6.9 7.7 8.4 
ROW.AN 3.9 4.8 5.5 6.4 7.1 7.8 
RUSSELL 4.4 5.6 6.3 7.4 8.0 8.7 
SCOTT 4.1 5.1 5.8 6.6 7.3 8.2 
SHELBY 4.2 5.2 5.9 6.8 7.5 8.3 
SINIPSON 4.6 5.8 6.7 8.0 8.6 9.2 
SPENCER 4.3 5.3 6.0 6.9 7.6 8.4 
TAYLOR 4.4 5.5 6.2 7.1 7.8 8.6 
TODD 4.7 5.9 6.8 8.1 8.8 9.4 
TRIGG 4.8 6.0 7.() 8.3 9.1 9.7 
TRINIBLE 4.2 5.2 5.8 6.7 7.3 8.2 
INTON 4.6 5.9 6.7 8.0 8.7 9.3 
W.ARREN 4.6 5.8 6.6 7.8 8.4 9.0 
WASHINGTON 4.3 5.4 6.0 6.9 7.7 8.5 
WA\'NE 4.4 5.6 6.3 7.4 8.1 8.7 
WEBSTER 4.6 5.8 6.7 8.0 8.6 9.2 
WEITLEY 4.2 5.4 6.1 7.4 8.0 8.6 
WOLFE 4.0 4.9 5.7 6.6 7.3 8.0 
WOODFORD 4.2 5.2 5.9 6.7 7.5 8.3 



DIMSION OF WATER RESOITICES 
DEP.ARTN'IENT FOR NATURAL RESOl^RCES .AND ENMRONAffiNT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

7 DAY R.AINFALL ('INCHES) P.AGE 1 OF 3 

FREC^IWCY (A'E.ARS) 

COIDJTY 5 10 25 5() 1()() 

.AD.AIR 5.1 6.4 7.2 8.5 9.4 10.3 

.ALLEN 5.3 6.7 7.6 8.8 9.8 10.7 

.ANDERSON 4.9 6.1 6.8 8.0 8.8 9.6 
B.ALL.ARD 5.8 7.2 8.2 9.6 10.7 11.8 
B.ARREN 5.2 6.6 7.4 8.7 9.6 10.5 
B.ATH 4.5 5.7 6.5 7.6 8.4 9.3 
BELL 4.8 6.2 6.9 8.2 9.2 10.1 
BOONE 4.6 5.7 6.4 7.3 8.0 8.9 
BOITLBON 4.6 5.8 6.5 7.7 8.5 9.3 
BOYD 4.2 5.4 6.1 7.3 7.8 8.9 
BO\XE 4.9 6.2 6.9 8.1 9.0 9.8 
BR.ACKEN 4.5 5.6 6.4 7.4 8.1 9.0 
BRE.ATHITT 4.6 5.8 6.6 7.8 8.5 9.4 
BRECKINRIDGE 5.2 6.4 7.2 8.4 9.3 1().() 
BIXLITT 5.() 6.2 6.9 8.1 9.0 9.7 
BUTLER 5.3 6.7 7.5 8.7 9.6 10.4 
C.ALDWDLL 5.5 6.9 7.9 9.1 10.1 11.0 
C.ALLOW.AY 5.7 7.2 8.2 9.5 10.6 11.5 
C.AAIPBELL 4.5 5.6 6.4 7.4 8.0 8.9 
(CARLISLE 5.8 7.3 8.3 9.7 10.7 11.8 
(CARROLL 4.7 5.8 6.6 7.7 8.4 9.1 
(CARTER 4.3 5.5 6.2 7.3 7.9 8.9 
(CASEY 5.() 6.3 7.0 8.3 9.2 1().() 
CHRISTl.AN 5.5 6.9 7.9 9.1 10.1 10.9 
CL.ARK 4.7 5.9 6.6 7.8 8.6 9.5 
CLAY 4.8 6.0 6.8 8.0 8.9 9.8 
CLINTON 5.2 6.5 7.3 8.6 9.6 10.7 
CRITTENDEN 5.5 6.9 7.9 9.1 1().() 11.1 
CIXIBERL.AND 5.2 6.5 7.4 8.6 9.6 10.6 
DAMESS 5.3 6.6 7.4 8.6 9.6 10.3 
EDMONSON 5.2 6.6 7.4 8.6 9.6 10.3 
ELLIOTT 4.4 5.6 6.3 7.5 8.1 9.1 
ESTILL 4.7 5.9 6.7 7.9 8.7 9.6 
F.AYETTE 4.7 5.9 6.7 7.9 8.7 9.5 
FLENUNG 4.5 5.7 6.4 7.5 8.2 9.1 
FLOYD 4.4 5.6 6.5 7.6 8.1 9.0 
FR.ANKLIN 4.8 6.0 6.7 7.9 8.6 9.4 
FIXTON 5.9 7.4 8.5 9.9 11.0 12.0 
G.ALL.ATIN 4.7 5.8 6.5 7.6 8.2 9.1 
G.ARR.ARD 4.9 6.4 6.8 8.0 9.0 9.8 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

7 DAY R.AINF.ALL ('INCHES) P.AGE 2 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 5 10 25 5() 1()() 

GR.ANT 4.6 5.8 6.5 7.6 8.3 9.1 
GR.A\DS 5.8 7.3 8.3 9.6 10.7 11.7 
GR.AYSON 5.2 6.5 7.3 8.5 9.4 10.2 
GREEN 5.1 6.4 7.2 8.4 9.4 10.2 
GREENIT 4.3 5.4 6.1 7.2 7.8 8.8 
H.ANCOCK 5.2 6.5 7.3 8.4 9.3 10.1 
H.ARDIN 5.1 6.4 7.1 8.3 9.2 9.8 
H.ARL.AN 4.7 5.9 6.8 8.0 8.8 9.6 
H.ARRISON 4.6 5.8 6.5 7.6 8.3 9.2 
H.ART 5.2 6.5 7.3 8.5 9.5 10.2 
HENDERSON 5.3 6.7 7.5 8.7 9.6 10.6 
HENRY 4.8 5.9 6.7 7.8 8.5 9.3 
HICKMAN 5.8 7.3 8.4 9.8 10.8 11.9 
HOPKINS 5.4 6.8 7.7 8.9 9.9 10.8 
.TACKSON 4.8 6.0 6.8 8.0 8.9 9.8 
.JEFFERSON 5.() 6.1 6.8 8.0 8.8 9.6 
.TESS.AMINE 4.8 6.0 6.7 8.0 8.8 9.6 
.TOHNSON 4.4 5.6 6.4 7.5 8.1 9.0 
KENTON 4.6 5.7 6.4 7.4 8.0 8.9 
KNOTT 4.5 5.7 6.6 7.7 8.4 9.2 
KNO.X 7.8 6.1 6.9 8.2 9.1 !().() 
L.ARl^ 5.1 6.4 7.1 8.3 9.3 !().() 
L.AITIEL 4.9 6.2 6.9 8.2 9.1 !().() 
LAWRENCE 4.3 5.5 6.3 7.4 7.9 8.9 
LEE 4.7 5.9 6.7 7.9 8.6 9.6 
LESLIE 4.7 5.9 6.8 7.9 8.7 9.6 
LETCHER 4.6 5.7 6.6 7.8 8.4 9.1 
LEWIS 4.4 5.5 6.3 7.3 8.0 8.9 
LINCOLN 4.9 6.2 6.9 8.1 9.0 9.9 
LDTNGSTON 5.6 7.0 8.0 9.3 10.3 11.3 
LOG.AN 5.4 6.8 7.8 8.9 9.9 10.7 
LYON 5.6 7.0 8.0 9.2 10.6 11.2 
MCCR.ACKEN 5.7 7.2 8.2 9.5 10.5 11.6 
MCCRE.ARY 5.() 6.4 7.1 8.4 9.4 10.5 
MCLE.AN 5.3 6.7 7.5 8.7 9.7 10.5 
NLADISON 4.8 6.0 6.7 8.0 8.8 9.7 
NLAGOFFIN 4.5 5.7 6.5 7.6 8.2 9.2 
NLARION 5.() 6.3 7.0 8.2 9.2 9.9 
NLARSH.ALL 5.7 7.1 8.1 9.4 10.5 11.4 
NLARTIN 4.4 5.5 6.3 7.4 7.9 8.8 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

7 DAY R.AINF.ALL ('INCHES) P.AGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 5 10 25 5() 1()() 

MASON 4.5 5.6 6.3 7.4 8.0 9.0 
NIE.ADE 5.1 6.3 7.0 8.2 9.1 9.8 
NIENIFEE 4.5 5.8 6.5 7.7 8.4 9.3 
NIERCER 4.9 6.1 6.8 8.1 8.9 9.7 
NIETC.ALFE 5.2 6.5 7.3 8.6 9.6 10.5 
M(;)NR(;)E 5.3 6.6 7.5 8.7 9.7 10.7 
MONTGONIERY 4.6 5.8 6.5 7.7 8.5 9.4 
MORG.AN 4.5 5.7 6.4 7.6 8.3 9.2 
NIITILENBERG 5.4 6.8 7.7 8.8 9.8 10.6 
NELSON 5.() 6.2 6.9 8.2 9.1 9.8 
NICHOLAS 4.6 5.7 6.5 7.6 8.3 9.2 
OHIO 5.3 6.6 7.5 8.7 9.6 10.3 
OLDH.AM 4.9 6.0 6.8 7.9 8.6 9.4 
OWDN 4.7 5.8 6.6 7.7 8.4 9.2 
OWSLEY 4.7 5.9 6.7 7.9 8.8 9.6 
PENDLETON 4.6 5.7 6.4 7.5 8.2 9.0 
PERRY 4.6 5.8 6.6 7.9 8.5 9.4 
PIKE 4.5 5.5 6.4 7.5 8.0 8.9 
POWELL 4.6 5.9 6.6 7.8 8.6 9.5 
PID.ASKI 5.() 6.3 7.0 8.3 9.3 10.1 
ROBERTSON 4.5 5.7 6.4 7.5 8.2 9.0 
ROCKCASTLE 4.9 6.1 6.8 8.1 9.0 9.9 
ROW.AN 4.4 5.6 6.4 7.5 8.2 9.1 
RUSSELL 5.1 6.4 7.2 8.5 9.4 10.3 
SCOTT 4.7 5.9 6.6 7.8 8.5 9.3 
SHELBY 4.9 6.0 6.8 7.9 8.7 9.5 
SINIPSON 5.4 6.8 7.7 8.9 9.9 10.8 
SPENCER 4.9 6.1 6.8 8.0 8.9 9.7 
TAYLOR 5.1 6.3 7.0 8.3 9.3 !().() 
TODD 5.5 6.9 7.8 9.0 !().() 10.8 
TRIGG 5.6 7.1 8.0 9.3 10.3 11.2 
TRINIBLE 4.8 5.9 6.7 7.8 8.5 9.3 
INTON 5.5 6.8 7.7 8.9 9.9 10.9 
W.ARREN 5.3 6.7 7.5 8.8 9.7 10.5 
WASHINGTON 5.() 6.2 6.9 8.1 9.0 9.8 
WA\'NE 5.1 6.4 7.2 8.5 9.5 10.5 
WEBSTER 5.4 6.8 7.7 8.9 9.9 10.8 
WEITLEY 5.() 6.3 7.0 8.3 9.3 10.3 
WOLFE 4.6 5.8 6.5 7.8 8.5 9.4 
WOODFORD 4.8 6.0 6.7 7.9 8.7 9.5 



DIMSION OF WATER RESOITICES 
DEP.ARTN'IENT FOR NATURAL RESOl^RCES .AND ENMRONAffiNT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

10DAYR.AINFALL ('INCHES) P.AGE 1 OF 3 

FREQl^NOW (A'E.ARS) 

COn^JTY 5 10 25 5() 1()() 

.AD.AIR 5.7 7.1 8.1 9.5 10.5 11.3 

.ALLEN 5.9 7.5 8.5 9.7 10.9 11.8 

.ANDERSON 5.5 6.7 7.6 8.9 9.8 10.6 
B.ALL.ARD 6.3 7.9 9.3 10.3 11.9 13.2 
B.ARREN 5.8 7.3 8.4 9.6 10.7 11.5 
B.ATH 5.2 6.4 7.3 8.4 9.3 10.5 
BELL 5.5 6.9 7.7 9.2 1().() 11.0 
BOONE 5.2 6.3 7.2 8.3 9.0 9.9 
BOITLBON 5.3 6.5 7.4 8.6 9.4 10.3 
BO\D 4.8 6.1 6.9 8.1 8.8 9.8 
BOYLE 5.5 6.8 7.7 9.1 10.1 10.8 
BR.ACKEN 5.1 6.3 7.1 8.3 9.0 9.9 
BRE.ATHITT 5.2 6.5 7.3 8.7 9.5 10.4 
BRECKINRIDGE 5.7 7.0 8.2 9.3 10.3 11.2 
BIDLITT 5.5 6.9 7.8 9.1 10.1 10.9 
BUTLER 5.8 7.4 8.5 9.6 10.7 11.6 
C.ALDWDLL 6.0 7.6 8.9 9.9 11.2 12.0 
C.ALLOW.AY 6.3 7.9 9.3 10.2 11.7 12.8 
C.AAIPBWDL 5.1 6.3 7.1 8.3 8.9 9.9 
(CARLISLE 6.3 8.0 9.4 10.3 11.9 13.3 
(CARROLL 5.3 6.5 7.4 8.6 9.4 10.2 
(CARTER 5.() 6.2 7.0 8.3 9.0 9.9 
(CASEY 5.6 7.0 7.9 9.3 10.3 11.0 
CHRISTl.AN 6.0 7.7 8.9 9.9 11.2 12.0 
CL.ARK 5.3 6.6 7.5 8.7 9.6 10.4 
CLAY 5.4 6.7 7.5 9.0 9.8 10.7 
CLINTON 5.8 7.3 8.2 9.4 10.8 11.5 
CRITTENDEN 6.0 7.6 9.0 9.9 11.3 12.1 
Cl^IBERL.AND 5.8 7.3 8.2 9.6 10.8 11.5 
DAMESS 5.8 7.3 8.4 9.5 10.6 11.5 
EDMONSON 5.8 7.3 8.4 9.6 10.6 11.4 
ELLIOTT 5.() 6.3 7.1 8.3 9.1 1().() 
ESTILL 5.4 6.6 7.5 8.8 9.7 10.6 
F.AYETTE 5.4 6.6 7.5 8.8 9.6 10.5 
FLENUNG 5.1 6.3 7.2 8.3 9.1 1().() 
FLOYD 4.9 6.2 7.0 8.4 9.1 1().() 
FRN.AKLIN 5.4 6.6 7.5 8.8 9.6 10.4 
FIDTON 6.5 8.1 9.6 10.5 12.2 13.6 
G.ALL.ATIN 5.2 6.4 7.3 8.4 9.2 10.2 
G.ARR.ARD 5.5 6.7 7.6 9.0 9.9 10.8 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

10DAYR.AINF.ALL ('INCHES) P.AGE 2 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 5 10 25 5() 1()() 

GR.ANT 5.2 6.4 7.3 8.4 9.2 !().() 
GR.A\DS 6.3 7.9 9.3 10.3 11.9 13.0 
GR.AYSON 5.7 7.2 8.3 9.5 10.5 11.3 
GREEN 5.7 7.1 8.1 9.4 10.4 11.2 
GREENIT 4.9 6.1 6.9 8.1 8.8 9.8 
H.ANCOCK 5.7 7.2 8.3 9.4 10.3 11.3 
H.ARDIN 5.6 7.0 8.1 9.3 10.2 11.1 
H.ARL.AN 5.2 6.7 7.3 8.9 9.6 10.7 
H.ARRISON 5.3 6.4 7.3 8.5 9.3 10.1 
H.ART 5.7 7.2 8.2 9.5 10.5 11.3 
HENDERSON 5.8 7.4 8.6 9.6 10.8 11.7 
HENRY 5.4 6.6 7.5 8.7 9.5 10.3 
HICKMAN 6.4 8.0 9.5 10.4 12.0 13.4 
HOPKINS 5.9 7.5 8.8 9.8 11.0 11.8 
.TACKSON 5.4 6.7 7.6 9.0 9.8 10.7 
.JEFFERSON 5.5 6.8 7.7 9.0 9.9 10.7 
.TESS.AMINE 5.4 6.7 7.6 8.9 9.8 10.6 
.TOHNSON 5.() 6.2 7.0 8.4 9.1 !().() 
KENTON 5.1 6.3 7.2 8.3 8.9 9.9 
KNOTT 5.() 6.4 7.1 8.6 9.3 10.3 
KNO.X 5.5 6.9 7.7 9.2 !().() 11.0 
L.ARl^ 5.6 7.0 8.0 9.3 10.3 11.1 
L.AITIEL 5.5 6.8 7.7 9.3 10.1 11.0 
LAWRENCE 4.9 6.2 6.9 8.3 8.9 9.9 
LEE 5.3 6.6 7.4 8.8 9.5 10.5 
LESLIE 5.3 6.7 7.4 8.9 9.7 10.7 
LETCHER 4.9 6.4 7.1 8.7 9.3 10.1 
LEWIS 5.() 6.2 7.1 8.3 9.0 9.8 
LINCOLN 5.5 6.8 7.7 9.2 10.1 10.9 
LDTNGSTON 6.1 7.7 9.1 !().() 11.5 12.5 
LOG.AN 6.0 7.6 8.7 9.8 11.0 11.8 
LYON 6.1 7.7 9.1 !().() 11.4 1

J
 

4
-

MCCR.ACKEN 6.2 7.9 9.2 10.2 11.8 

0-
' c i 

MCCRE.ARY 5.7 7.1 8.0 9.5 10.5 11.3 
MCLE.AN 5.9 7.4 8.6 9.7 10.8 11.6 
NLADISON 5.4 6.6 7.6 8.9 9.8 10.7 
NLAGOFFIN 5.1 6.3 7.1 8.5 9.2 10.2 
NLARION 5.6 6.9 7.8 9.2 10.2 11.0 
NLARSH.ALL 6.2 7.8 9.2 10.1 11.7 1

J 

NLARTIN 4.8 6.1 6.8 8.3 9.0 9.8 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED ('6-1-79) 

10DAYR.AINF.ALL ('INCHES) P.AGE 3 OF 3 

FREC^IWCY (A'E.ARS) 

COINJTY 5 10 25 5() 1()() 

MASON 5.1 6.3 7.1 8.3 9.0 9.9 
NIE.ADE 5.6 7.0 8.0 9.2 I O.I 11.0 
NIENIFEE 5.2 6.4 7.3 8.5 9.5 10.3 
NIERCER 5.5 6.8 7.7 9.0 9.9 10.7 
NIETC.ALFE 5.8 7.3 8.2 9.6 10.7 11.5 
M(;)NR(;)E 5.9 7.4 8.4 9.7 10.9 11.7 
MONTGONIERY 5.3 6.5 7.4 8.4 9.4 10.3 
MORG.AN 5.1 6.4 7.2 8.5 9.3 10.2 
NIITILENBERG 5.9 7.5 8.6 9.8 10.9 11.7 
NELSON 5.6 7.0 7.8 9.2 10.1 10.9 
NICHOLAS 5.2 6.4 7.3 8.4 9.2 10.1 
OHIO 5.8 7.3 8.4 9.6 10.6 11.5 
OLDH.AM 5.4 6.7 7.6 8.8 9.6 10.4 
OWDN 5.3 6.5 7.4 8.6 9.4 10.2 
OWSLEY 5.4 6.6 7.4 8.8 9.7 10.6 
PENDLETON 5.2 6.3 7.2 8.4 9.1 !().() 
PERRY 5.2 6.5 7.2 8.8 9.5 10.4 
PIKE 4.9 6.1 6.8 8.4 8.9 9.9 
POWELL 5.3 6.5 7.4 8.6 9.6 10.5 
PID.ASKI 5.6 6.9 7.8 9.3 10.3 11.1 
ROBERTSON 5.2 6.4 7.2 8.4 9.1 !().() 
ROCKCASTLE 5.5 6.8 7.7 9.1 !().() 10.9 
ROW.AN 5.1 6.3 7.2 8.4 9.2 10.1 
RUSSELL 5.7 7.1 8.0 9.5 10.6 11.3 
SCOTT 5.3 6.5 7.5 8.7 9.5 10.3 
SHELBY 5.4 6.7 7.6 8.9 9.7 10.4 
SINIPSON 6.0 7.5 8.7 9.8 11.0 11.8 
SPENCER 5.5 6.8 7.7 9.0 9.9 10.6 
TAYLOR 5.6 7.0 8.0 9.3 10.3 11.1 
TODD 6.0 7.3 8.8 9.9 11.1 11.9 
TRIGG 6.1 7.8 9.0 !().() 11.5 12.3 
TRINIBLE 5.3 6.6 7.5 8.7 9.5 10.2 
INTON 5.9 7.5 8.8 9.5 11.0 11.9 
W.ARREN 5.9 7.4 8.5 9.7 10.8 11.7 
WASHINGTON 5.5 6.8 7.7 9.1 !().() 10.8 
WA\'NE 5.8 7.2 8.0 9.5 10.7 11.4 
WEBSTER 5.9 7.5 8.7 9.7 11.0 11.8 
WEITLEY 5.7 7.0 7.9 9.3 10.3 11.2 
WOLFE 5.2 6.5 7.3 8.6 9.5 10.4 
WOODFORD 5.4 6.6 7.6 8.9 9.7 10.5 



DIMSION OF WATER RESOITICES 
DEP.ARTN'IENT FOR NATURAL RESOURCES .AND ENMRONRffiNT.AL PROTECTION 
ENGINEERING NIEMOR.ANDIWI NOG (4-30-71). REMSED (6-1-79) 
ONE DAY .AND TEN DAY DIRECT DISCH.ARGES (INCHES) 
(^nCK RETIDJ FLOWS (CSNf) P.AGE I OF 3 

COIDJTY 

ONE DAY TEN DAY (^ncK 
RETURN 
FLOWS 
(CSNT) 

COIDJTY 

FRE(^irENCY (YE.ARS) 

(^ncK 
RETURN 
FLOWS 
(CSNT) 

COIDJTY 25 5() I()() 25 5() I()() 

(^ncK 
RETURN 
FLOWS 
(CSNT) 

.AD.AIR 4.0 4.3 4.7 7.9 8.6 9.3 7.5 

.ALLEN 4.1 4.5 4.9 8.2 8.9 9.7 7.6 

.ANDERSON 3.9 4.2 4.6 7.8 8.5 9.2 7.0 
B.ALL.ARD 4.1 4.5 4.9 8.2 8.9 9.7 6.3 
B.ARREN 4.1 4.4 4.8 8.2 8.8 9.6 7.6 
B.ATH 3.7 4.0 4.3 7.3 7.9 8.6 6.4 
BELL 3.7 4.0 4.3 7.3 7.9 8.6 7.6 
BOONE 3.7 4.0 4.3 7.3 7.9 8.6 6.2 
BOITLBON 3.7 4.0 4.4 7.5 8.1 8.8 6.7 
BOYD 3.2 3.5 3.8 6.4 6.9 7.5 4.9 
BOYLE 3.9 4.2 4.6 7.8 8.5 9.2 7.2 
BR.ACKEN 3.6 3.9 4.3 7.2 7.8 8.5 6.3 
BRE.ATHITT 3.6 3.9 4.2 7.1 7.7 8.4 6.8 
BRECKINRIDGE 4.2 4.5 4.9 8.3 9.(1 9.8 6.9 
BIDLITT 4.0 4.4 4.8 S.i 8.7 9.5 7.0 
BUTLER 4.2 4.6 5.(1 8.4 9.1 9.9 7.2 
C.ALDWDLL 4.3 4.6 5.(1 8.5 9.: 10.0 6.7 
C.ALLOW.AY 4.3 4.6 5.(1 8.5 9.: 10.0 6.8 
C.ALIPBELL 3.6 3.9 4.2 7.1 7.7 8.4 6.2 
(CARLISLE 4.1 4.4 4.2 8.2 8.8 9.6 6.4 
(CARROLL 3.9 4.2 4.6 7.8 8.5 9.2 6.4 
(CARTER 3.4 3.7 4.0 6.8 7.4 8.0 5.2 
(CASEY 3.9 4.2 4.6 7.8 8.5 9.2 7.4 
CHRISTI.AN 4.3 4.6 5.(1 8.5 9.: 10.0 7.0 
CL.ARK 3.7 4.0 4.4 7.5 8.1 8.8 6.8 
CLAY 3.7 4.0 4.6 7.3 7.9 8.6 7.4 
CLINTON 4.0 4.3 4.7 7.9 8.6 9.3 7.7 
CRITTENDEN 4.3 4.6 5.(1 8.5 9.: 10.0 6.5 
Cl^IBERL.AND 4.0 4.3 4.7 8.0 8.6 9.4 7.6 
DAMESS 4.3 4.6 5.(1 8.5 9.: 10.0 6.7 
EDMONSON 4.1 4.5 4.9 8.2 8.9 9.7 7.3 
ELLIOTT 3.4 6.7 4.1 6.9 7.5 8.1 5.5 
ESTILL 3.7 4.0 4.4 7.4 8.0 8.7 7.0 
F.AYETTE 3.8 4.1 4.5 7.7 8.3 9.0 6.9 
FLENUNG 3.6 3.9 4.2 7.1 7.7 8.4 6.3 
FLOYD 3.4 3.6 4.0 6.7 7.3 7.9 6.0 
FR.ANKLIN 3.9 4.2 4.6 7.7 8.4 9.1 6.8 
FIDTON 3.9 4.2 4.6 7.8 8.5 9.2 6.4 
G.ALL.ATIN 3.8 4.1 4.5 7.7 8.3 9.0 6.4 
G.ARR.ARD 3.9 4.2 4.6 7.7 8.4 9.1 7.2 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED (6-1-79) 
ONE DAY .AND TEN DAY DIRECT DISCH.ARGES (INCHES) 
(^nCK RETINJ FLOWS (CSNf) P.AGE 2 OF 3 

COIT^TY 

ONE DAY TEN DAY 

1()() 

QITCK 
RETURN 
FLOWS 
(CSNT) 

COIT^TY 

FRE(^irENCY (YE.ARS) 

1()() 

QITCK 
RETURN 
FLOWS 
(CSNT) 

COIT^TY 25 5() 1()() 25 5() 1()() 

QITCK 
RETURN 
FLOWS 
(CSNT) 

GR.ANT 3.S 4.1 4.5 7.6 8.2 8.9 6.4 
GR.A\DS 4.3 4.6 5.(1 8.5 9.2 1().() 6.6 
GR.AYSON 4.2 4.5 4.9 8.3 9.0 9.8 7.8 
GREEN 4.0 4.3 4.7 8.0 8.6 9.4 7.4 
GREENIT 3.5 3.9 6.5 7.1 7.7 4.9 
H.ANCOCK 4.2 4.6 5.(1 8.4 9.1 9.9 6.7 
H.ARDIN 4.1 4.4 4.8 8.2 8.8 9.6 7.1 
H.ARL.AN 3.5 3.8 4.2 7.1 7.6 8.6 7.4 
H.ARRISON 3.7 4.0 4.4 7.5 8.1 8.8 6.6 
H.ART 4.1 4.4 4.8 8.2 8.8 9.6 7.3 
HENDERSON 4.3 4.6 5.(1 8.5 9.2 1().() 6.4 
HENRY 3.9 4.2 4.6 7.8 8.5 9.2 6.6 
HICKMAN 4.0 4.4 4.8 8.1 8.7 9.5 6.5 
HOPKINS 4.3 4.6 5.(1 8.5 9.2 1().() 6.8 
.T.ACKSON 3.7 4.0 4.4 7.5 8.1 8.8 7.3 
.JEFFERSON 4.0 4.3 4.7 8.0 8.6 9.4 6.7 
.TESS.AMINE 3.9 4.2 4.6 7.7 8.4 9.1 7.0 
.TOHNSON 3.4 3.6 4.0 6.7 7.3 7.9 5.5 
KENTON 3.6 3.9 4.3 7.2 7.8 8.5 6.2 
KNOTT 3.4 6.7 4.0 6.8 7.4 8.0 6.7 
KNO.X 3.7 4.0 4.4 7.4 8.0 8.7 7.6 
L.ARl^ 4.0 4.4 4.8 8.1 8.7 9.5 7.2 
L.AITIEL 3.8 4.1 4.5 7.6 8.2 8.9 7.5 
LAWRENCE 3.5 3.9 6.5 7.4 7.7 5.(1 
LEE 3.7 4.0 4.3 7.3 7.9 8.6 7.0 
LESLIE 3.6 3.9 4.2 7.1 7.7 8.4 7.3 
LETCHER 3.4 3.7 4.0 6.8 7.4 8.0 7.0 
LEWIS 3.5 3.8 4.1 7.0 7.5 8.2 5.7 
LINCOLN 3.9 4.2 4.6 7.7 8.4 9.1 7.3 
LDTNGSTON 4.3 4.6 5.(1 8.5 9.2 1().() 6.5 
LOG.AN 4.3 4.6 5.(1 8.5 9.2 1().() 7.3 
LYON 4.3 4.6 5.(1 8.5 9.2 1().() 6.7 
MCCR.ACKEN 4.3 4.6 5.(1 8.5 9.2 1().() 6.4 
MCCRE.ARY 3.9 4.2 4.6 7.7 8.4 9.1 7.7 
MCLE.AN 4.3 4.6 5.(1 8.5 9.2 1().() 6.7 
NLADISON 3.8 4.1 4.5 7.7 8.3 9.0 7.1 
NLAGOFFIN 3.4 3.7 4.1 6.9 7.5 8.1 6.0 
NLARION 4.0 4.3 4.7 7.9 8.6 9.3 7.3 
NLARSH.ALL 4.3 4.6 5.(1 8.5 9.2 1().() 6.7 
MARTIN 3.6 3.9 6.6 7.2 7.8 5.(1 



DIMSION OF WATER RESOITICES 
DEP.ARTNIENT FOR NATITI^AL RESOITIOES .AND ENMRONMENT.AL PROTECTION 
ENGINEERING MEMOR.ANDIWI NOG (4-30-71). REMSED (6-1-79) 
ONE DAY .AND TEN DAY DIRECT DISCH.ARGES (INCHES) 
(^nCK RETINJ FLOWS (CSNf) P.AGE 3 OF 3 

COIT^TY 

ONE DAY TEN DAY 

1()() 

QITCK 
RETIEN 
FLOWS 
(CSNT) 

COIT^TY 

FRE(^IENCY (YE.ARS) 

1()() 

QITCK 
RETIEN 
FLOWS 
(CSNT) 

COIT^TY 25 5() 1()() 25 5() 1()() 

QITCK 
RETIEN 
FLOWS 
(CSNT) 

MASON 3.6 3.9 4.2 7.1 7.7 8.4 6.2 
NIE.ADE 4.1 4.5 4.9 8.2 8.9 9.7 6.8 
NIENIFEE 3.6 3.9 4.3 7.2 7.8 8.5 6.5 
NIERCER 3.9 4.2 4.6 7.8 8.5 9.2 7.2 
NIETC.ALFE 4.1 4.4 4.8 8.2 8.8 9.6 7.5 
M(;)NR(;)E 4.1 4.4 4.8 8.2 8.8 9.6 7.7 
MONTONIERY 3.7 4.0 4.4 7.4 8.0 8.7 6.7 
MORG.AN 3.5 3.8 4.2 7.1 7.6 8.3 6.0 
NIITILENBERG 4.3 4.6 5.(1 8.5 9.2 1().() 7.0 
NELSON 4.0 4.3 4.7 8.0 8.6 9.4 7.0 
NICHOLAS 3.7 4.0 4.3 7.3 7.9 8.6 6.5 
OHIO 4.2 4.6 5.(1 8.4 9.1 9.9 7.0 
OLDH.AM 4.0 4.3 4.7 7.9 8.6 9.3 6.7 
OWDN 3.9 4.2 4.6 7.7 8.4 9.1 6.5 
OWSLEY 3.7 4.0 4.3 7.3 7.9 8.6 7.2 
PENDLETON 3.7 4.0 4.4 7.4 8.0 8.7 6.4 
PERRY 3.5 3.8 4.2 7.1 7.6 8.3 7.0 
PIKE 3.5 3.9 6.5 7.1 7.7 6.0 
POWELL 3.7 4.0 4.3 7.3 7.9 8.6 6.8 
PID.ASKI 3.9 4.2 4.6 7.7 8.4 9.1 7.5 
ROBERTSON 3.6 3.9 4.3 7.2 7.8 8.5 6.4 
ROCKCASTLE 3.8 4.1 4.5 7.7 8.3 9.0 7.3 
ROW.AN 3.5 3.8 4.2 7.1 7.6 8.3 6.0 
RUSSELL 4.0 4.3 4.7 7.9 8.6 9.3 7.6 
SCOTT 3.8 4.1 4.5 7.7 8.3 9.0 6.7 
SHELBY 4.0 4.3 4.7 7.9 8.6 9.3 6.8 
SINIPSON 4.2 4.6 5.(1 8.4 9.4 9.9 7.5 
SPENCER 4.0 4.3 4.7 7.9 8.6 9.3 6.9 
TAYLOR 4.0 4.3 4.7 8.0 8.6 9.4 7.4 
TODD 4.3 4.6 5.(1 8.5 9.2 1().() 7.2 
TRIGG 4.3 4.6 5.(1 8.5 9.2 1().() 6.9 
TRINIBLE 4.0 4.3 4.7 7.9 8.6 9.3 6.4 
INTON 4.3 4.6 5.(1 8.5 9.2 1().() 6.4 
W.ARREN 4.2 4.5 4.9 8.3 9.0 9.8 7.5 
WASHINGTON 4.0 4.3 4.7 7.9 8.6 9.3 7.2 
W.A\'NE 3.9 4.2 4.6 7.8 8.5 9.2 7.7 
WEBSTER 4.3 4.6 5.(1 8.5 9.2 1().() 6.6 
WEITLEY 3.8 4.1 4.5 7.6 8.2 8.9 7.7 
WOLFE 3.6 3.9 4.3 7.2 7.8 8.5 6.6 
WOODFORD 3.9 4.2 4.6 7.7 8.4 9.1 7.0 



Reference 17 



Winchester Municipal 
Utilities 

KY0250473 

DRINKING WATER QUALITY 
REPORT 2016 
150 North Main Street 

PO Box 4177 
Winchester. KY 40392-4177 

The Winchester Municipal Utilities (WMU), your drinking water 
provider, works around the clock to provide exceptional water, 
wastewater, and solid waste utility services to every consumer. 
This Drinking Water Quality Report provides you with 
information regarding your drinking water. For additional 
information, call WMU at 744-5434. 

Este informe contiene informacion importante acerca de su 
agua potable. Haga que alguien lo traduzca para usted, o 
hable con alguien que lo entienda. 

Website: www.wmutilitles.com 

BACKGROUND INFORMATION ABOUT WMU 

The Winchester Municipal Utilities (WMU) is pleased to provide its 
Drinking Water Quality Report for 2016. The report is designed to 
inform you about the quality of your drinking water and is based on 
monitoring and test results for the year January 1 through 
December 31, 2015. Water treatment is a complex and highly 
regulated activity. WMU strives to continually improve the quality 
of its drinking water and of the many other utility sen/ices provided 
to you, our customer. 

WMU's raw (untreated) water sources are the Kentucky River 
(Pool 10) and the Carroll E. Ecton Resen/oir, which are surface 
water sources. The Kentucky River supplied 74% and the Carroll 
E. Ecton Reservoir supplied 26% of the water treated in 2015. 
WMU treated 1,641,510,000 gallons of water during 2015 from the 
Kentucky River and the Carroll E. Ecton Reservoir. The Kentucky 
River is most vulnerable to contamination from agricultural runoff, 
which may include pesticides, nutrients and silt from croplands, 
and substances resulting from the presence of animals on pasture 
lands. The Carroll E. Ecton Reservoir is most vulnerable to urban 
storm water runoff, which may include heavy metals from paved 
areas, nutrients, pesticides and organics (e.g., yard waste) from 
lawn care. Industrial and construction runoff in urban areas may 
include silts, synthetic chemicals and metals. 

WMU's overall susceptibility to contamination shall be labeled as 
Moderate. Microbial contaminants, such as Total Coliform, Fecal 
Coliform, and E Coli are naturally present in the environment, and 
their presence is tested regularly. Inorganic contaminants, such 
as copper, fluoride, nitrates, and nitrites are also potential sources 
of contamination. WMU has a very stringent water sampling 
program and we take great pride in continuing to ensure our public 
has the purest drinking water at all hours of the day. All water 
quality standards are being met by the dedication of our staff and 
with the assistance of Microbac Laboratories. A complete source 
water assessment can be obtained or reviewed at WMU, 150 N. 
Main Street, Winchester, Kentucky. 

The water treatment plant has a rated maximum treatment 
capacity of 6.0 million gallons per day (MGD). WMU operates its 
water treatment plant 24 hours per day, 365 days per year. The 
treatment process utilizes conventional flocculation, sedimentation, 
high-rate filtration, and disinfection. 

WMU provides water service to a customer base of 11,670 direct 
customers and through water sold for resale, to 2,409 customers 
of the East Clark County Water District and 192 customers of the 
Kentucky American Water Company. In total. WMU serves 14,168 
water customers in Clark County. Future growth, along with 
increasing regulatory requirements demands that WMU address 
the potable water supply to continue to provide high quality 
drinking water to you, our customer. 

SUMMARY OF 2015 WATER QUALITY 

WMU routinely monitors for contaminants in your drinking water 
according to Federal and State regulations. The following table 
provides the results of our monitoring averages for the period of 
January 1 through December 31, 2015. Important notes and 
explanatory definitions are provided at the end of the table. 
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Radioactive Contam nants 

Beta photon 
emltlers{pCi/L) 

50 0 3.9 
3.9 
to 

3.9 

Jun 
14 

No Decay of natural and 
mar-msde deposits 

Alpha emitters 
[4000] (pCifl.) 15 0 2.6 

2.6 
to 

2.6 

Jun 
14 

No 
Eroslor of natural 

deposits 

Comtsned 
radium 
(pCifl.) 

5 0 1.53 
1.53 

to 
1.53 

Jun 
14 

No 
Erosion of natural 

deposits 

inorganic Contaminants 

Barium 
[1010] (ppm) 2 2 0.017 

0.017 
to 

0.017 
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Disinfectants/Disinfection Byproducts and Precursors 

Total Organic 
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(ppm) 
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to 
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Water additive 
used to control 

microbes. 

HAA(ppb) 
(Stage 2) 

[H^oacetc 
adds] 

60 N/A 
35 
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average) 

2 to 45 
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sites) 

2015 No 
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TTHM(ppb) 
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[total trttalo-
methartes] 
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average) 
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Byproduct 
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" 11 for TOCs; % TOC refnoval achieved to the % TOC removal requred. A 
required to meet the TT. 

Unreaulated Contaminant Results (UCMR3) 
AVd Range (oob) •ate 

Vanadium 0.088 BDL to 0.35 Ian 15 

Slronlxim 112.500 BDL to 250 Ian 15 

3nrorTilum-6 0.034 BDL to 0.068 Ian 15 

Total cfiromiiaTi 0.080 BDL to 0.24 )an15 
y MCfi and tharetor^ 

BDL - Below Detection Limit 

Public Notiee of Availeblfry of Data: h 2Q13, Winchester Munlcpal Utilities (mVS ID 0250473) completed unregulated 
cortamhairt monitonng as reqiiied by the Unregulated Contaminant Monilonng Rule 3 (UCUR3). In 2014, Whchester 
Municipal UOIities (PWS ID 0250473) completed three of fOur quarters of required monitorv>g. The last quarter of rrtonrtonng 
was completed in the first quarter of 2015 and those results will appear In the 2016 COR. Unregulated contaminants are those 
tor which EPA has not established dnnking water standards. The purpose of the unregulated contaminant monitoring is to 
assist EPA h determhing the occurrence of unregulated contaminants rr drvAing water and whether future regulatKn is 
warranted. The detected contaminants from 2015 monrtonng are listed above urrder the Unregulated Contamnants secQon of 
this Water Quality Table A list of all analytical results is available to the public by cadrrg Michael H. Ffynn, WMU General 
Manager at 359-744-5434 or emailing Mike^wmutliliea.com. 

DETECTED CONTAMINANTS 

The data presented in this report are from the most recent 
testing done in accordance with administrative regulations in 
401 KAR Chapter 8. As authorized and approved by EPA, 
the State has reduced monitoring requirements for certain 
contaminants to less often than once per year because the 
concentrations of these contaminants are not expected to 
vary significantly from year to year. Some of the data in this 
table, though representative, may be more than one year old. 
Unless otherwise noted, the report level is the highest level 
detected. 

Unregulated Contaminant Results (UCMR3) 

Our water system has sampled for a series of unregulated 
contaminants. Unregulated contaminants are those that 
don't yet have a drinking water standard set by EPA. The 
purpose of monitoring for these contaminants is to help EPA 
decide whether the contaminants should have a standard. 
As our customers, you have a right to know that this data is 
available. If you are interested in examining the results, 
please contact our office during normal business hours. 

OTHER TESTS 

WMU regularly tests your drinking water for 77 other primary 
standards, 16 secondary standards, and other standards for 
which results were found to be within acceptable levels. In 
order to make this report easier to read and understand, 
results of those tests are not reported here. 

LEAD 

If present, elevated levels of lead can cause serious health 
problems, especially for pregnant women and young children. 
Lead in drinking water is primarily from materials and 
components associated with service lines and home 
plumbing. WMU is responsible for providing high quality 
drinking water, but cannot control the variety of materials used 
in plumbing components. When your water has been sitting 
for several hours, you can minimize the potential for lead 
exposure by flushing your tap for 30 seconds to 2 minutes 
before using water for drinking and cooking. If you are 
concemed about lead in your water, you may wish to have 
your water tested. Information on lead in drinking water, 
testing methods, and steps you can take to minimize 
exposure is available from the Safe Drinking Water Hotline or 
at http://www.epa.aov/safewater/lead. 

REPORTING REQUIREMENTS 

The United States Environmental Protection Agency (EPA) 
requires that every water system provide consumers with an 
annual consumer confidence or water quality report as a 
result of the Safe Drinking Water Act Amendments of 1996. 
The report is intended to provide consumers with information 
regarding the quality of their drinking water and to encourage 
actions by consumers to protect drinking water supplies. 
WMU is providing you with this report so that you might be 
better informed about the quality of your drinking water. 

http://www.epa.aov/safewater/lead


IMPORTANT DEFINITIONS 

MCL - Maximum Contaminant Level 
The highest level of a contaminant that is allowed in drinking water. 
MCLs are set as close to the MCLG as feasible using the best 
available treatment technology. 

MCLG - Maximum Contaminant Level Goal 
The level of a contaminant in drinking water below which there is no 
known or expected risk to health. MCLGs allow for a margin of 
safety. 

MRDL - Maximum Residual Disinfectant Level 
The highest level of a disinfectant allowed in drinking water. There is 
convincing evidence that addition of a disinfectant is necessary for 
control of microbial contaminants. 

MRDLG - Maximum Residual Disinfectant Level Goat 
The level of a drinking water disinfectant below which there is no 
known or expected risk to health. MRDLGs do not reflect the 
benefits of the use of disinfectants to controi microbial contaminants. 

ND or N/A 
Not detected; does not apply; not available 
NTU - Nephelometric Turbidity Units 
A measure of water turbidity. Turbidity is monitored because it is a 
good indicator of the effectiveness of the filtration system. 

pCI/L - Picocuries per Liter 
A unit of measure of radioactivity. 

ppm - Parts per Million 
A unit of measure; equal to milligrams per liter (mg/L). 

ppb - Parts per Billion 
A unit of measure; equal to micrograms per liter (mg/L). 

Primary Standards 
Mandatory standards established and enforced by EPA and the 
Kentucky Division of Water that relate to water quality health effects 
and for which monitoring is required. 

TT - Treatment Technique 
A required process intended to reduce the level of a 
contaminant in drinking water. 

AL - Action Level 
That concentration of a contaminant, which, if exceeded, triggers 
treatment or other requirements, which a water system must follow. 

CRYPTOSPORIDIUM 

WML) has voluntarily tested its source water supplies and it's 
finished (treated) water for the presence of Cryptosporidium. 
Cryptosporidium is a microbial parasite which is found in surface 
waters throughout the United States and has been found to be 
present in both the Kentucky River and the Carroll E. Ecton 
Reservoir. Cryptosporldum has not been detected in WMU 
drinking water. Although conventional treatment can remove 
Cryptosporidium, commonly used sedimentation and filtration 
methods cannot guarantee 100% removal. Symptoms of 
Cryptosporidium infection include nausea, diarrhea, and abdominal 
c ramps. Most healthy individuals are able to overcome the infection 
within a few weeks. However, immuno-compromised people have 
more difficulty and are at greater risk of developing severe, life-
threatening illness. 

WHY ARE THERE CONTAMINANTS IN DRINKING 
WATER? 

Drinking water, including bottled water, may reasonably be 
expected to contain at least small amounts of some 
contaminants. The presence of contaminants does not 
necessarily indicate that water poses a health risk. More 
information about contaminants and potential health effects may 
be obtained by calling the Environmental Protection Agency's 
Safe Drinking Water Hotline at (800) 426-4791. 

The sources of drinking water; (both tap water and bottled water) 
include rivers, lakes, streams, ponds, reservoirs, springs, and 
wells. As water travels over the surface of the land or 
through the ground, it dissolves naturally-occurring minerals and, 
in some cases, radioactive material, and may pick up substances 
resulting from the presence of animals or from human activity. 

Contaminants that may be present in source water before 
treatment include; 
ZMicrobial contaminants, such as viruses and bacteria, which 
may come from sewage treatment plants, septic systems, 
agricultural livestock, and midlife. 
anorganic contaminants, such as salts and metals, which can 
be naturally-occurring or result from urban storm water runoff, 
industrial or domestic wastewater discharges, oil and gas 
production, mining, or farming. 
ZPesticides and herbicides, which may come from a variety of 
sources such as agriculture, storm water runoff, and residential 
uses. 
ZOrganic chemical contaminants, including synthetic and volatile 
organic chemicals, which are by-products of industrial 
processes and petroleum production, and can also, come from 
gas stations, urban storm water runoff, and septic systems. 
Z Radioactive contaminants, which can be naturally occurring or 
be the result of oil and gas production and mining activities. 

In order to ensure that tap water is safe to drink, the EPA 
prescribes regulations which limit the amount of certain 
contaminants in water provided by public water systems. US 
FDA regulations establish limits for contaminants in bottled water 
that shall provide the same protection for public health. EPA 
has determined that drinking water is safe at these levels. 

DO I NEED TO TAKE SPECIAL PRECAUTIONS? 

Some people may be more vulnerable to contaminants in drinking 
water than the general population. Immuno- compromised 
persons such as persons with cancer undergoing chemotherapy, 
persons who have undergone organ transplants, people with 
HIV/AIDS or other immune system disorders, some elderly, and 
infants can be particularly at risk from infections. These 
people should seek advice about drinking water from their 
health care providers. EPA and the Centers for Disease 
Control and Prevention (CDC) guidelines on appropriate means 
to lessen the risk of infection by Cryptosporidium and other 
microbial contaminants are available from the Safe Drinking 
Water Hotline at (800) 426-4791. 

WATER SYSTEM IMPROVEMENTS 

Previous decisions by the WMU and City Commissions have 
provided for construction of a new water treatment plant and 
associated infrastructure. Construction will include a new 
water treatment plant, raw water transmission improvements, 
and finished water transmission improvements. Final 
effective capacities will be determined by the Division of 
Water (DOW) with design of the new facilities. Raw and 
Finished Water Transmission Improvements were completed 
in January 2016. Kentucky River Pump Station upgrades are 
expected to be completed in April 2016. The transmission 
improvements included approximately 9 miles of 24-inch 
ductile iron pipe beginning at the Kentucky River Pumping 
Station extending along Boonesboro Road, interconnecting 
with the existing water treatment plant facilities and ending 
with connection at the Winchester Bypass. 

The new Water Treatment Plant design is expected to begin 
April 2016 with initiation of construction planned for calendar 
year 2017 and completion calendar year 2019. Total costs 
associated with water system improvements are expected to be 
35-40 million dollars. 

CONSENT DECREE 

The Consent Decree is the settlement agreement 
between the United States Environmental Agency (EPA), 
the Kentucky Energy and Environment Cabinet (EEC, 
formerly known as the Environmental and Public 
Protection Cabinet), City and WMU detailing actions to 
be taken by City and WMU for violations of the Clean 
Water Act , 33 U.S.C. § 1319. The basic tenants of the 
Consent Decree call for City and WMU to 

•Eliminate existing and recurring sanitary sewer 
overflows (SSOs) 

•Reduce the potential for future SSOs 

Such is being achieved through a defined capital 
program and structured capacity, maintenance, operation, 
and management (CMOM) program. 

During 2015 WMU spent $448,155.43 on Consent Decree 
capital projects. Since entry of the Consent Decree in 
April 2007 WMU has expended $70,496,438.77 for capital 
projects to address requirements of the Consent Decree 
and eliminate I/I. 

Calendar year 2015 expenditures for CMOM related 
activities totaled $142,112.00. Total cost to-date for 
development and implementation ofWMU's CMOM 
programs is $2,818,242.00. 

CAPITAL PROJECTS 

Projects under or scheduled for construction include: 

New Water Treatment Plant (estimate) $28,154,601 
Raw Water Intake Improvements (bid) $ 1,213,123 
Hampton Manor Sewer Improvements $ 1,400,000 
Maple Street Sewer Replacement (bid) $ 400,000 

INFORMATION AND PUBLIC INPUT 

If you have questions regarding the information provided 
in this report or about utility services provided by WMU, 
please contact WMU (859) 744-5434 or visit WMU's 
website at wmutilities.com. We want you to be informed 
about the drinking water quality and the utility services 
provided by WMU. 

WMU operates as an enterprise fund of the city of 
Winchester. Regular public meetings of the WMU 
Commission are held on the first and third Thursdays of 
each month at 5:30 p.m. at the WMU administrative 
offices located at 150 North Main Street, Winchester. 
The regular meeting agenda for each meeting provides 
an opportunity for public comment regarding WMU 
services and operations. The WMU Commission is 
comprised of local community leaders who are WMU 
customers and who are very interested in your input. You 
are invited to avail yourself of this opportunity for public 
input. 
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KY.gov Search 

KENTUCKY DEPARTMENT of 
I FISH c& WILDLIFE RESOURCES 

BUY LICENSES TELECHECK SEASONS MAPS GIFT CERT. CONTACT US 

Species Information 
State Threatened, Endangered, and Special Concern Species observations for selected 
counties 

Linked life history provided courtesy of NatureServe Explorer. 
Records may include both recent and historical observations. 
US Status Definitions Kentucky Status Definitions 

List State Threatened, Endangered, and Special Concern Species observations in 1 selected county. 
Selected county is: Madison. 

Scientific Name and Life Common Name Class 
History and Pictures 

Accipiter striatus 

Actitis macularius 

Ammodramus 
henslowii 

Anas clypeata 

Anas discors 

Ardea alba 

Asio flammeus 

Sharp-shinned Aves 
Hawk 

Spotted 
Sandpiper 

Henslow's 
Sparrow 

Northern 
Shoveler 

Owl 

Aves 

Aves 

Aves 

Blue-winged Aves 
Teal 

Great Egret Aves 

Short-eared Aves 

County US KY WAP Reference 
Status Status 

Madison N 

Madison N 

Madison N 

Madison N 

Madison N 

Madison N 

Madison N 

T 

Yes Reference 

Yes Reference 

Yes Reference 

Reference 

Reference 

Yes Reference 

Yes Reference 

http://app.fw.ky.gov/speciesinfo/countyListSpecies.asp 5/19/2016 
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Asio otus 

Bubulcus ibis 

Certhia americana 

Chondestes 
grammacus 

Circus cyaneus 

Long-eared Aves 
Owl 

Cattle Egret Aves 

Brown Aves 
Creeper 

Lark Sparrow Aves 

Northern 
Harrier 

Corynorhinus 
rafinesquii 

Cryptobranchus 
alieganiensis 
alieganiensis 

Eumeces anthracinus 

Faico peregrinus 

Fuiica americana 

Gailinuia gaieata 

Junco hyemalis 

Lophodytes cucuilatus 

Mustela nivaiis 

Myotis grisescens 

Myotis septentrionaiis 

Nycticeius humeraiis 

Pandion haliaetus 

Rafinesque's 
Big-eared Bat 

Eastern 
Hellbender 

Coal Skink 

Peregrine 
Falcon 

American 
Coot 

Common 
Gallinule 

Dark-eyed 
Junco 

Hooded 
Merganser 

Northern 
Myotis 

Evening Bat 

Osprey 

Aves 

Cistothorus piatensis Sedge Wren Aves 

Aves 

Aves 

Aves 

Aves 

Madison N 

Madison N 

Madison N 

Madison N 

Madison N 

Madison N 

Mammalia Madison N 

Amphibia Madison N 

Reptilia Madison N 

Aves Madison N 

Madison N 

Madison N 

Madison N 

Madison N 

Least Weasel Mammalia Madison N 

Gray Myotis Mammalia Madison E 

Mammalia Madison T 

Mammalia Madison N 

Aves Madison N 

S 

T 

E 

S 

S 

Yes Reference 

Reference 

Yes Reference 

Yes Reference 

Yes Reference 

Yes Reference 

Yes Reference 

Yes Reference 

Yes Reference 

Yes Reference 

Reference 

Yes Reference 

Reference 

Yes Reference 

Reference 

Yes Reference 

Reference 

Yes Reference 

Yes Reference 

http://app.fw.ky.gov/speciesinfo/countyListSpecies.asp 5/19/2016 
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Passerculus 
sandwichensis 

Peucaea aestivalis 

Phalacrocorax auritus 

Savannah 
Sparrow 

Bachman's 
Sparrow 

Double-
crested 
Cormorant 

Podiiymbus podiceps Pied-billed 
Grebe 

Pseudanophthaimus 
catoryctos 

Pseudanophthaimus 
pholeter 

Rana pipiens 

Sitta canadensis 

Thryomanes bewickii 

Tyto alba 

Ursus americanus 

Greater 
Adams Cave 
Beetle 

Northern 
Leopard Frog 

Aves Madison N 

Aves Madison N 

Aves Madison N 

Aves Madison N 

Lesser Adams insecta 
Cave Beetle 

Madison N 

insecta Madison N 

Amphibia Madison N 

Red-breasted Aves 
Nuthatch 

Madison N 

Bewick's Wren Aves Madison N 

Barn Owl Aves Madison N 

American 
Black Bear 

Mammalia Madison N 

Vermivora chrysoptera Golden- Aves 
winged Warbler 

Madison N 

Yes Reference 

Yes Reference 

Reference 

Yes Reference 

Reference 

Reference 

Yes Reference 

Yes Reference 

Yes Reference 

Yes Reference 

Yes Reference 

Yes Reference 

38 species are listed 

http://app.fw.ky.gov/speciesinfo/countyListSpecies.asp 5/19/2016 
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TSDR 
AGENCY FOR TOXIC SUBSTANCES 

AND DISEASE REGISTRY 

PUBLIC HEALTH STATEMENT 
Ammonia 

CAS#: 7664-41-7 

Division of Toxicology September 2004 

This Public Health Statement is the summary 
chapter from the Toxicological Profile for 
Ammonia. It is one in a series of Public Health 
Statements about hazardous substances and their 
health effects. A shorter version, the ToxFAQs™, is 
also available. This information is important 
because this substance may harm you. The effects 
of exposure to any hazardous substance depend on 
the dose, the duration, how you are exposed, 
personal traits and habits, and whether other 
chemicals are present. For more information, call 
the ATSDR Information Center at 1-888-422-8737. 

This public health statement tells you about 
ammonia and the effects of exposure. 

The Environmental Protection Agency (EPA) 
identifies the most serious hazardous waste sites in 
the nation. These sites are then placed on the 
National Priorities List (NPL) and are targeted for 
long-term federal clean-up activities. Ammonia has 
been found in at least 137 of the 1,647 current or 
former NPL sites. Although the total number of 
NPL sites evaluated for this substance is not known, 
the possibility exists that the number of sites at 
which ammonia is found may increase in the future 
as more sites are evaluated. This information is 
important because these sites may be sources of 
exposure and exposure to this substance may harm 
you. 

When a substance is released either from a large 
area, such as an industrial plant, or from a container, 
such as a drum or bottle, it enters the environment. 
Such a release does not always lead to exposure. 
You can be exposed to a substance only when you 
come in contact with it. You may be exposed by 

breathing, eating, or drinking the substance, or by 
skin contact. 

If you are exposed to ammonia, many factors will 
determine whether you will be harmed. These 
factors include the dose (how much), the duration 
(how long), and how you come in contact with it. 
You must also consider any other chemicals you are 
exposed to and your age, sex, diet, family traits, 
lifestyle, and state of health. 

1.1 WHATIS AMMONIA? 

Ammonia is a chemical that is made both by 
humans and by nature. It is made up of one part 
nitrogen (N) and three parts hydrogen (H3). The 
amount of ammonia manufactured every year by 
humans is almost equal to the amount produced by 
nature every year. However, when ammonia is 
found at a level that may cause concern, it was 
likely produced either directly or indirectly by 
humans. 

Ammonia is a colorless gas with a very sharp odor. 
Ammonia in this form is also known as ammonia 
gas or anhychous ("without water") ammonia. 
Ammonia gas can also be compressed and becomes 
a liquid under pressure. The odor of ammonia is 
familiar to most people because ammonia is used in 
smelling salts, household cleaners, and window 
cleaning products. Ammonia easily dissolves in 
water. In this form, it is also known as liquid 
ammonia, aqueous ammonia, or ammonia solution. 
In water, most of the ammonia changes to the ionic 
form of ammonia, known as ammonium ions, which 
are represented by the formula NH4^ (an ion is an 
atom or a group of atoms that has acquired a net 

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service 
Agency for Toxic Substances and Disease Registry 

www.atsdr.cdc.gov/ Telephone: 1-888-422-8737 Fax: 770-488-4178 E-Mail: atsdric@cdc.gov 



TSDR 
AGENCY FOR TOXIC SUBSTANCES 

AND DISEASE REGISTRY 

PUBLIC HEALTH STATEMENT 
Ammonia 

CAS#: 7664-41-7 

Division of Toxicology September 2004 

electric charge by gaining or losing one or more 
electrons). Ammonium ions are not gaseous and 
have no odor. Ammonia and ammonium ions can 
change back and forth in water. In wells, rivers, 
lakes, and wet soils, the ammonium form is the 
most common. Ammonia can also be combined 
with other substances to form ammonium 
compounds, including salts such as ammonium 
chloride, ammonium sulfate, ammonium nitrate, 
and others. 

Ammonia is very important to plant, animal, and 
human life. It is found in water, soil, and air, and is 
a source of much needed nitrogen for plants and 
animals. Most of the ammonia in the environment 
comes from the natural breakdown of manure and 
dead plants and animals. 

Eighty percent of all manufactured ammonia is used 
as fertilizer. A third of this is applied directly to 
soil as pure ammonia. The rest is used to make 
other fertilizers that contain ammonium compounds, 
usually ammonium salts. These fertilizers are used 
to provide nitrogen to plants. Ammonia is also used 
to manufacture synthetic fibers, plastics, and 
explosives. Many cleaning products also contain 
ammonia in the form of ammonium ions. 

1.2 WHATHAPPENSTO AMMONIA WHEN 
IT ENTERS THE ENVIRONMENT? 

are usually less than 6 parts per million (ppm; 
6 ppm=6,000 ppb). Soil typically contains about 
1—5 ppm of ammonia. The levels of ammonia vary 
throughout the day, as well as from season to 
season. Generally, ammonia levels are highest in 
the summer and spring. Ammonia is essential for 
mammals and is necessary for making DNA, RNA, 
and proteins. It also plays a part in maintaining 
acid-base balance in tissues of mammals. 

Ammonia does not last very long in the 
environment. Because it is recycled naturally, 
nature has many ways of incorporating and 
transforming ammonia. In soil or water, plants and 
microorganisms rapidly take up ammonia. After 
fertilizer containing ammonia is applied to soil, the 
amount of ammonia in that soil decreases to low 
levels in a few days. In the air, ammonia will last 
about 1 week. 

Ammonia has been found in air, soil, and water 
samples at hazardous waste sites. In the air near 
hazardous waste sites, ammonia can be found as a 
gas. Ammonia can also be found dissolved in 
ponds or other bodies of water at a waste site. 
Ammonia can be found attached to soil particles at 
hazardous waste sites. The average concentration 
of ammonia reported at hazardous waste sites 
ranges from 1 to 1,000 ppm in soil samples and up 
to 16 ppm in water samples. 

Since ammonia occurs naturally in the environment, 
we are regularly exposed to low levels of ammonia 
in air, soil, and water. Ammonia exists naturally in 
the air at levels between 1 and 5 parts in a billion 
parts of air (ppb). It is commonly found in 
rainwater. The ammonia levels in rivers and bays 

1.3 HOW MIGHT I BE EXPOSED TO 
AMMONIA? 

Ammonia is naturally produced and used by all 
mammals in their normal metabolism. Ammonia is 
produced within a person's body each day. Most of 
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this ammonia is produced by organs and tissues, but 
some is produced by bacteria living inside our 
intestines. 

Ammonia is found naturally in the environment. 
You may be exposed to ammonia by breathing air, 
eating food, or chinking water that contains it, or 
through skin contact with ammonia or ammonium 
compounds. Exposure to ammonia in the 
environment is most likely to occur by breathing in 
ammonia that has been released into the air. 

Ammonia has a very strong odor that is irritating 
and that you can smell when it is in the air at a level 
higher than 50 ppm. Therefore, you will probably 
smell ammonia before you are exposed to a 
concentration that may harm you. Levels of 
ammonia in air that cause serious effects in people 
are much higher than levels you would normally be 
exposed to at home or work. However, low levels 
of ammonia may harm some people with asthma 
and other sensitive individuals. 

You can taste ammonia in water at levels of about 
35 ppm. Lower levels than this occur naturally in 
food and water. Swallowing even small amounts of 
liquid ammonia in your household cleaner might 
cause bums in your mouth and throat. A few chops 
of liquid ammonia on the skin or in the eyes will 
cause bums and open sores if not washed away 
quickly. Exposure to larger amounts of liquid 
ammonia or ammonium ion in the eyes causes 
severe eye burns and can lead to blinchiess. 

Outdoors, you may be exposed to high levels of 
ammonia gas in air from leaks and spills at 
production plants and storage facilities, and from 
pipelines, tank tmcks, railcars, ships, and barges 
that transport ammonia. Higher levels of ammonia 

in air may occur when fertilizer with ammonia or 
ammonium compounds is applied to farm fields. 
After fertilizer is applied, the concentration of 
ammonia in soil can be more than 3,000 ppm; 
however, these levels decrease rapidly over a few 
days. 

Indoors, you may be exposed to ammonia while 
using household products that contain ammonia. 
Some of these products are ammonia-cleaning 
solutions, window cleaners, floor waxes, and 
smelling salts. 

Household and industrial cleaning solutions may 
contain ammonia, and use of these products at home 
or work may lead to exposure to ammonia. Both 
types of ammonia cleaning solutions are made by 
adding ammonia gas to water to form liquid 
ammonia. Household ammonia cleaners typically 
contain lower levels of ammonia (between 5 and 
10%) compared to industrial cleaning solutions, 
which can contain higher levels of ammonia (up to 
25%). 

Farmers can be exposed to ammonia when they 
work with or apply fertilizers containing ammonia 
to fields. Farmers, cattle ranchers, and people who 
raise other types of livestock and/or poultry can be 
exposed to ammonia from decaying manure. Some 
manufacturing processes also use ammonia. Some 
older refrigeration units used ammonia as the 
refrigerant. 
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1.4 HOW CAN AMMONIA ENTER AND 
LEAVE MY BODY? 

Ammonia can enter your body if you breathe in 
ammonia gas or if you swallow water or food 
containing ammonium salts. If you spill a liquid 
containing ammonia on your skin, a small amount 
of ammonia might enter your body through your 
skin; however, more ammonia will probably enter 
as you breathe ammonia gas from the spilled 
ammonia. After you breathe in ammonia, you 
breathe most of it out again. The ammonia that is 
retained in the body is changed into ammonium 
compounds and carried throughout the body in 
seconds. If you swallow ammonia in food or water, 
it will get into your bloodstream and be carried 
throughout your body in seconds. Most of the 
ammonia that enters your body from food or water 
rapidly changes into other substances that will not 
harm you. The rest of this ammonia leaves your 
body in urine within a couple of days. 

1.5 HOW CAN AMMONIA AFFECT MY 
HEALTH? 

Scientists use many tests to protect the public from 
harmful effects of toxic chemicals and to find ways 
for treating persons who have been harmed. 

One way to leam whether a chemical will harm 
people is to determine how the body absorbs, uses, 
and releases the chemical. For some chemicals, 
animal testing may be necessary. Animal testing 
may also help identify health effects such as cancer 
or birth defects. Without laboratory animals, 
scientists would lose a basic method for getting 
information needed to make wise decisions that 

protect public health. Scientists have the 
responsibility to treat research animals with care 
and compassion. Scientists must comply with strict 
animal care guidelines because laws today protect 
the welfare of research animals. 

Ammonia is a corrosive substance and the main 
toxic effects are restricted to the sites of direct 
contact with ammonia (i.e., skin, eyes, respiratory 
tract, mouth, and digestive tract). For example, if 
you spilled a bottle of concentrated ammonia on the 
floor, you would smell a strong ammonia odor; you 
might cough, and your eyes might water because of 
irritation. If you were exposed to very high levels 
of ammonia, you would experience more harmful 
effects. For example, if you walked into a dense 
cloud of ammonia or if your skin comes in contact 
with concentrated ammonia, your skin, eyes, throat, 
or lungs may be severely burned. These bums 
might be serious enough to cause permanent 
blindness, lung disease, or death. Likewise, if you 
accidentally ate or ^ank concentrated ammonia, 
you might experience bums in your mouth, throat, 
and stomach. There is no evidence that ammonia 
causes cancer. Ammonia has not been classified for 
carcinogenic effects by EPA, the Department of 
Health and Human Services (DHHS), or the 
Intemational Agency for Research on Cancer 
(lARC). Ammonia can also have beneficial effects, 
such as when it is used as a smelling salt. Certain 
ammonium salts have long been used in veterinary 
and human medicine. 
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1.6 HOW CAN AMMONIA AFFECT 
CHILDREN? 

1.7 HOW CAN FAMILIES REDUCE THE 
RISK OF EXPOSURE TO AMMONIA? 

This section discusses potential health effects from 
exposures during the period from conception to 
maturity at 18 years of age in humans. 

Children are less likely than adults to be exposed to 
concentrated ammonia because most exposures to 
concentrated ammonia occur in occupational 
settings. Children can still be exposed in the same 
way as adults to ammonia gas from spills or leaks 
from ammonia tanks or pipelines, especially on 
farms where it is used as a fertilizer. Children can 
also be exposed to dilute ammonia solutions from 
household cleaners containing ammonia. 

The effects of ammonia on chil^en are likely to be 
the same as for adults. Ammonia is an irritant and 
the solution and gas can cause burns of the skin, 
eyes, mouth, and lungs. If a spill occurs, children 
may be exposed to ammonia for a longer time than 
adults because they may not leave the area as 
quickly. 

There is no evidence that exposure to the levels of 
ammonia found in the environment causes birth 
defects or other developmental effects. It is not 
known whether ammonia can be transferred from a 
pregnant mother to a developing fetus through the 
placenta or from a nursing mother to her offspring 
through breast milk. One study in animals showed 
that exposure of mothers to very high levels of 
ammonia during pregnancy caused their newborn 
offspring to be smaller than normal, but this 
occurred at levels of ammonia that also affected the 
mothers. 

If your doctor finds that you have been exposed to 
significant amounts of ammonia, ask whether your 
children might also be exposed. Your doctor might 
need to ask your state health department to 
investigate. 

You can reduce your risk of exposure to ammonia 
by carefully using household products and by 
avoiding areas where ammonia is used or produced. 
At home, you can reduce your risk of exposure to 
ammonia by careful handling of any household 
products that contain ammonia. For example, some 
cleaning products contain ammonia; so when you 
use them, you should be sure that rooms are 
adequately ventilated during the time you are using 
them. Avoid ammonia-containing products in glass 
bottles since breakage could lead to a serious 
exposure. You should wear proper clothing and eye 
protection, because ammonia can cause skin burns 
and damage eyes if it is splashed on them. To lower 
the risk of your children being exposed to ammonia, 
you should tell them to stay out of the room when 
you are using it. While use of ammonia by a child 
is not recommended, any use by a child should be 
closely supervised by an adult. 

You can also reduce your risk of exposure to 
ammonia by avoiding areas where it is being used. 
Ammonia is used to fertilize crops, so you can 
lower your exposure to ammonia by avoiding these 
areas when it is being applied. You can also lower 
your exposure to ammonia by avoiding places 
where it is produced. Ammonia is found in many 
animal wastes, and it may be present in high 
concentrations in the air in livestock buildings. You 
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can lower your exposure to ammonia by avoiding 
these buildings, especially if large numbers of 
animals are inside. 

If you are a worker who uses or applies ammonia 
for farming, you can reduce your exposure by using 
it according to the instructions and wearing proper 
clothing and protective gear. Be sure to follow all 
instructions and heed any warning statements. 

1.8 IS THERE A MEDICAL TEST TO 
DETERMINE WHETHER I HAVE BEEN 
EXPOSED TO AMMONIA? 

There are tests that measure ammonia/ammonium 
ion in blood and urine; however, these tests would 
probably not tell you whether you have been 
exposed because ammonia is normally found in the 
body. If you were exposed to harmful amounts of 
ammonia, you would notice it immediately because 
of the strong, unpleasant, and irritating smell, the 
strong taste, and because of skin, eye, nose, or 
throat irritation. 

1.9 WHAT RECOMMENDATIONS HAS THE 
FEDERAL GOVERNMENT MADE TO 
PROTECT HUMAN HEALTH? 

The federal government develops regulations and 
recommendations to protect public health. 
Regulations can be enforced by law. The EPA, the 
Occupational Safety and Health Administration 
(OSHA), and the Food and Drug Atoinistration 
(FDA) are some federal agencies that develop 
regulations for toxic substances. Recommendations 
provide valuable guidelines to protect public health. 

but cannot be enforced by law. The Agency for 
Toxic Substances and Disease Registry (ATSDR) 
and the National Institute for Occupational Safety 
and Health (NIOSH) are two federal organizations 
that develop recommendations for toxic substances. 

Regulations and recommendations can be expressed 
as "not-to-exceed" levels, that is, levels of a toxic 
substance in air, water, soil, or food that do not 
exceed a critical value that is usually based on 
levels that affect animals; they are then adjusted to 
levels that will help protect humans. Sometimes 
these not-to-exceed levels differ among federal 
organizations because they used different exposure 
times (an 8-hour workday or a 24-hour day), 
different animal studies, or other factors. 

Recommendations and regulations are also updated 
periodically as more information becomes available. 
For the most current information, check with the 
federal agency or organization that provides it. 
Some regulations and recommendations for 
ammonia include the following: 

EPA regulates the ammonia content in waste water 
released by several industries. Any discharges or 
spills of ammonia of 100 pounds or more, or of 
ammonium salts of 1,000 or 5,000 pounds 
(depending upon the compound), must be reported 
to EPA. 

Some restrictions have been placed on levels of 
ammonium salts allowable in processed foods. 
FDA states that the levels of ammonia and 
ammonium compounds normally found in food do 
not pose a health risk. Maximum allowable levels 
in processed foods are as follows: 0.04—3.2% 
ammonium bicarbonate in baked goods, grain, 
snack foods, and reconstituted vegetables; 2.0% 
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ammonium carbonate in baked goods, gelatins, and 
puddings; 0.001% ammonium chloride in baked 
goods and 0.8% in condiments and relishes; 0.6-
0.8% ammonium hydroxide in baked goods, 
cheeses, gelatins, and puddings; 0.01% monobasic 
ammonium phosphate in baked goods; and 1.1% 
dibasic ammonium phosphate in baked goods, 
0.003% in nonalcoholic beverages, and 0.012% in 
condiments and relishes. 

(1-888-422-8737), by email at atsdric@cdc.gov, or 
by writing to: 

Agency for Toxic Substances and Disease Registry 
Division of Toxicology 
1600 Clifton RoadNE 
Mailstop F-32 
Atlmita, GA 30333 
Fax: 1-770-488-4178 

OSHA has set an 8-hour exposure limit of 25 ppm 
and a short-term (15-niinute) exposure limit of 
35 ppm for ammonia in the workplace. NIOSH 
recommends that the level in workroom air be 
limited to 50 ppm for 5 minutes of exposure. 

1.10 WHERE CAN I GETMORE 
INFORMATION? 

For-profit organizations may request a copy of final 
profiles from the following: 

National Technical Information Service (NTIS) 
5285 Port Royal Road 
Springfield, VA 22161 
Phone: 1-800-553-6847 or 1-703-605-6000 
Web site: http://www.ntis.gov/ 

If you have any more questions or concerns, please 
contact your community or state health or 
environmental quality department, your regional 
Nuclear Regulatory Commission office, or contact 
ATSDR at the adchess and phone number below. 

ATSDR can also tell you the location of 
occupational and environmental health clinics. 
These clinics specialize in recognizing, evaluating, 
and treating illnesses resulting from exposure to 
hazardous substances. 

Toxicological profiles are also available on-line at 
www.atsch.cdc.gov and on CD-ROM. You may 
request a copy of the ATSDR ToxProfiles™ 
CD-ROM by calling the information and technical 
assistance toll-free number at 1-888-42ATSDR 
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This Public Health Statement is the summary chapter from the Toxicological Profile for Ammonia. It is one in a 
series of Public Health Statements about hazardous substances and their health effects. A shorter version, the 
ToxFAQs™. is also available. This information is important because this substance may harm you. The effects of 
exposure to any hazardous substance depend on the dose, the duration, how you are exposed, personal traits and 
habits, and whether other chemicals are present. For more information, call the ATSDR Information Center at 1-
888-422-8737. 

This public health statement tells you about ammonia and the effects of exposure. 

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in the nation. These sites 
are then placed on the National Priorities List (NPL) and are targeted for long-term federal clean-up activities. Ammonia 
has been found in at least 137 of the 1,647 current or former NPL sites. Although the total number of NPL sites 
evaluated for this substance is not known, the possibility exists that the number of sites at which ammonia is found may 
increase in the future as more sites are evaluated. This information is important because these sites may be sources of 
exposure and exposure to this substance may harm you. 

When a substance is released either from a large area, such as an industrial plant, or from a container, such as a drum or 
bottle, it enters the environment. Such a release does not always lead to exposure. You can be exposed to a substance 
only when you come in contact with it. You may be exposed by breathing, eating, or chinking the substance, or by skin 
contact. 

If you are exposed to ammonia, many factors will determine whether you will be harmed. These factors include the dose 
(how much), the duration (how long), and how you come in contact with it. You must also consider any other chemicals 
you are exposed to and your age, sex, diet, family traits, lifestyle, and state of health. 

top 

1.1 What is ammonia? 

Ammonia is a chemical that is made both by humans and by nature. It is made up of one part nitrogen (N) and three parts 
hydrogen (H3). The amount of ammonia manufactured every year by humans is almost equal to the amount produced by 
nature every year. However, when ammonia is found at a level that may cause concern, it was likely produced either 
directly or indirectly by humans. 

Ammonia is a colorless gas with a very sharp odor. Ammonia in this form is also known as ammonia gas or anhydrous 
("without water") ammonia. Ammonia gas can also be compressed and becomes a liquid under pressure. The odor of 
ammonia is familiar to most people because ammonia is used in smelling salts, household cleaners, and window cleaning 
products. Ammonia easily dissolves in water. In this form, it is also known as liquid ammonia, aqueous ammonia, or 
ammonia solution. In water, most of the ammonia changes to the ionic form of ammonia, known as ammonium ions, 
which are represented by the formula NH4+ (an ion is an atom or a group of atoms that has acquired a net electric charge 
by gaining or losing one or more electrons). Ammonium ions are not gaseous and have no odor. Ammonia and 
ammonium ions can change back and forth in water. In wells, rivers, lakes, and wet soils, the ammonium form is the 
most common. Ammonia can also be combined with other substances to form ammonium compounds, including salts 
such as ammonium chloride, ammonium sulfate, ammonium nitrate, and others. 

Ammonia is very important to plant, animal, and human life. It is found in water, soil, and air, and is a source of much 
needed nitrogen for plants and animals. Most of the ammonia in the environment comes from the natural breakdown of 
manure and dead plants and animals. 
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Eighty percent of all manufactured ammonia is used as fertilizer. A third of this is applied directly to soil as pure 
ammonia. The rest is used to make other fertilizers that contain ammonium compounds, usually ammonium salts. These 
fertilizers are used to provide nitrogen to plants. Ammonia is also used to manufacture synthetic fibers, plastics, and 
explosives. Many cleaning products also contain ammonia in the form of ammonium ions. 

top 

1.2 What happens to ammonia when it enters the environment? 

Since ammonia occurs naturally in the environment, we are regularly exposed to low levels of ammonia in air, soil, and 
water. Ammonia exists naturally in the air at levels between 1 and 5 parts in a billion parts of air (ppb). It is commonly 
found in rainwater. The ammonia levels in rivers and bays are usually less than 6 parts per million (ppm; 6 ppm=6,000 
ppb). Soil typically contains about 1-5 ppm of ammonia. The levels of ammonia vary throughout the day, as well as from 
season to season. Generally, ammonia levels are highest in the summer and spring. Ammonia is essential for mammals 
and is necessary for making DNA, RNA, and proteins. It also plays a part in maintaining acid-base balance in tissues of 
mammals. 

Ammonia does not last very long in the environment. Because it is recycled naturally, nature has many ways of 
incorporating and transforming ammonia. In soil or water, plants and microorganisms rapidly take up ammonia. After 
fertilizer containing ammonia is applied to soil, the amount of ammonia in that soil decreases to low levels in a few days. 
In the air, ammonia will last about 1 week. 

Ammonia has been found in air, soil, and water samples at hazardous waste sites. In the air near hazardous waste sites, 
ammonia can be found as a gas. Ammonia can also be found dissolved in pon^ or other bodies of water at a waste site. 
Ammonia can be found attached to soil particles at hazardous waste sites. The average concentration of ammonia 
reported at hazardous waste sites ranges from 1 to 1,000 ppm in soil samples and up to 16 ppm in water samples. 

top 

1.3 How might I be exposed to ammonia? 

Ammonia is naturally produced and i^ed by all mammals in their normal metabolism. Ammonia is produced within a 
person's body each day. Most of this ammonia is produced by organs and tissues, but some is produced by bacteria living 
inside our intestines. 

Ammonia is found naturally in the environment. You may be exposed to ammonia by breathing air, eating food, or 
drinking water that contains it, or through skin contact with ammonia or ammonium compounds. Exposure to ammonia 
in the environment is most likely to occur by breathing in ammonia that has been released into the air. 

Ammonia has a very strong odor that is irritating and that you can smell when it is in the air at a level higher than 50 
ppm. Therefore, you will probably smell ammonia before you are exposed to a concentration that may harm you. Levels 
of ammonia in air that cause serious effects in people are much higher than levels you would normally be exposed to at 
home or work. However, low levels of ammonia may harm some people with asthma and other sensitive individuals. 

You can taste ammonia in water at levels of about 35 ppm. Lower levels than this occur naturally in food and water. 
Swallowing even small amounts of liquid ammonia in your household cleaner might cause bums in your mouth and 
throat. A few drops of liquid ammonia on the skin or in the eyes will cause bums and open sores if not washed away 
quickly. Exposure to larger amounts of liquid ammonia or ammonium ion in the eyes causes severe eye burns and can 
lead to blinchiess. 

Outdoors, you may be exposed to high levels of ammonia gas in air from leaks and spills at production plants and 
storage facilities, and from pipelines, t^ik trucks, railcM"s, ships, and barges that transport ammonia. Higher levels of 
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ammonia in air may occur when fertilizer with ammonia or ammonium compounds is applied to farm fields. After 
fertilizer is applied, the concentration of ammonia in soil can be more than 3,000 ppm; however, these levels decrease 
rapidly over a few days. 

Indoors, you may be exposed to ammonia while using household products that contain ammonia. Some of these products 
are ammonia-cleaning solutions, window cleaners, floor waxes, and smelling salts. 

Household and industrial cleaning solutions may contain ammonia, and use of these products at home or work may lead 
to exposure to ammonia. Both types of ammonia cleaning solutions are made by adding ammonia gas to water to form 
liquid ammonia. Household ammonia cleaners typically contain lower levels of ammonia (between 5 and 10%) 
compared to industrial cleaning solutions, which can contain higher levels of ammonia (up to 25%). 

Farmers can be exposed to ammonia when they work with or apply fertilizers containing ammonia to fields. Farmers, 
cattle ranchers, and people who raise other types of livestock and/or poultry can be exposed to ammonia from decaying 
manure. Some manufacturing processes also use ammonia. Some older refrigeration units used ammonia as the 
refrigerant. 

top 

1.4 How can ammonia enter and leave my body? 

Ammonia can enter your body if you breathe in ammonia gas or if you swallow water or food containing ammonium 
salts. If you spill a liquid containing ammonia on your skin, a small amount of ammonia might enter your body through 
your skin; however, more ammonia will probably enter as you breathe ammonia gas from the spilled ammonia. After 
you breathe in ammonia, you breathe most of it out again. The ammonia that is retained in the body is changed into 
ammonium compounds and carried throughout the body in seconds. If you swallow ammonia in food or water, it will get 
into your bloodstream and be carried throughout your body in seconds. Most of the ammonia that enters your body from 
food or water rapidly changes into other substances that will not harm you. The rest of this ammonia leaves your body in 
urine within a couple of days. 

top 

1.5 How can ammonia affect my health? 

Scientists use many tests to protect the public from harmfiil effects of toxic chemicals and to find ways for treating 
persons who have been harmed. 

One way to leam whether a chemical will harm people is to determine how the body absorbs, uses, and releases the 
chemical. For some chemicals, animal testing may be necessary. Animal testing may also help identify health effects 
such as cancer or birth defects. Without laboratory animals, scientists would lose a basic method for getting information 
needed to make wise decisions that protect public health. Scientists have the responsibility to treat research animals with 
care and compassion. Scientists must comply with strict animal care guidelines because laws today protect the welfare of 
research animals. 

Ammonia is a corrosive substance and the main toxic effects are restricted to the sites of direct contact with ammonia 
(i.e., skin, eyes, respiratory tract, mouth, and digestive tract). For example, if you spilled a bottle of concentrated 
ammonia on the floor, you would smell a strong ammonia odor; you might cough, and your eyes might water because of 
irritation. If you were exposed to very high levels of ammonia, you would experience more harmful effects. For 
example, if you walked into a dense cloud of ammonia or if your skin comes in contact with concentrated ammonia, your 
skin, eyes, throat, or lungs may be severely burned. These burns might be serious enough to cause permanent blindness, 
lung disease, or death. Likewise, if you accidentally ate or chank concentrated ammonia, you might experience bums in 
your mouth, throat, and stomach. There is no evidence that ammonia causes cancer. Ammonia has not been classified for 
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carcinogenic effects by EPA, the Department of Health and Human Services (DHHS), or the International Agency for 
Research on Cancer (lARC). Ammonia can also have beneficial effects, such as when it is used as a smelling salt. 
Certain ammonium salts have long been used in veterinary and human medicine. 

top 

1.6 How can ammonia affect children? 

This section discusses potential health effects from exposures during the period from conception to maturity at 18 years 
of age in humans. 

Children are less likely than adults to be exposed to concentrated ammonia because most exposures to concentrated 
ammonia occur in occupational settings. Children can still be exposed in the same way as adults to ammonia gas from 
spills or leal« from ammonia tanks or pipelines, especially on farms where it is used as a fertilizer. Chilchen can also be 
exposed to dilute ammonia solutions from household cleaners containing ammonia. 

The effects of ammonia on children are likely to be the same as for adults. Ammonia is an irritant and the solution and 
gas can cause bums of the skin, eyes, mouth, and lungs. If a spill occurs, children may be exposed to ammonia for a 
longer time than adults because they may not leave the area as quickly. 

There is no evidence that exposure to the levels of ammonia found in the environment causes birth defects or other 
developmental effects. It is not known whether ammonia can be transferred from a pregnant mother to a developing fetus 
through the placenta or from a nursing mother to her offspring through breast milk. One study in animals showed that 
exposure of mothers to very high levels of ammonia during pregnancy caused their newbom offspring to be smaller than 
normal, but this occurred at levels of ammonia that also affected the mothers. 

top 

1.7 How can families reduce the risk of exposure to ammonia? 

If your doctor finds that you have been exposed to significant amounts of ammonia, ask whether your children might 
also be exposed. Your doctor might need to ask your state health department to investigate. 

You can reduce your risk of exposure to ammonia by carefully using household products and by avoiding areas where 
ammonia is used or produced. At home, you can reduce your risk of exposure to ammonia by careful handling of any 
household products that contain ammonia. For example, some cleaning products contain ammonia; so when you use 
them, you should be sure that rooms are adequately ventilated during the time you are using them. Avoid ammonia-
containing products in glass bottles since breakage could lead to a serious exposure. You should wear proper clothing 
and eye protection, because ammonia can cause skin bums and damage eyes if it is splashed on them. To lower the risk 
of your children being exposed to ammonia, you should tell them to stay out of the room when you are using it. While 
use of ammonia by a child is not recommended, any use by a child should be closely supervised by an adult. 

You can also reduce your risk of exposure to ammonia by avoiding areas where it is being used. Ammonia is used to 
fertilize crops, so you can lower your exposure to ammonia by avoiding these areas when it is being applied. You can 
also lower your exposure to ammonia by avoiding places where it is produced. Ammonia is found in many animal 
wastes, and it may be present in high concentrations in the air in livestock buildings. You can lower your exposure to 
ammonia by avoiding these buildings, especially if large numbers of animals are inside. 

If you are a worker who uses or applies ammonia for farming, you can reduce your exposure by using it according to the 
instructions and wearing proper clothing and protective gear. Be sure to follow all instructions and heed any warning 
statements. 
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top 

1.8 Is there a medical test to determine whether I have been exposed to ammonia? 

There are tests that measure ammonia/ammonium ion in blood and urine; however, these tests would probably not tell 
you whether you have been exposed because ammonia is normally found in the body. If you were exposed to harmful 
amounts of ammonia, you would notice it immediately because of the strong, unpleasant, and irritating smell, the strong 
taste, and because of skin, eye, nose, or throat irritation. 

top 

1.9 What recommendations has the federal government made to protect human health? 

The federal government develops regulations and recommendations to protect public health. Regulations can be 
enforced by law. The EPA, the Occupational Safety and Health Administration (OSHA), and the Food and Drug 
Administration (FDA) are some federal agencies that develop regulations for toxic substances. Recommendations 
provide valuable guidelines to protect public health, but cannot be enforced by law. The Agency for Toxic Substances 
and Disease Registry (ATSDR) and the National Institute for Occupational Safety and Health (NIOSH) are two federal 
organizations that develop recommendations for toxic substances. 

Regulations and recommendations can be expressed as "not-to-exceed" levels, that is, levels of a toxic substance in air, 
water, soil, or food that do not exceed a critical value that is usually based on levels that affect animals; they are then 
adjusted to levels that will help protect humans. Sometimes these not-to-exceed levels differ among federal organizations 
because they used different exposure times (an 8-hour workday or a 24-hour day), different animal studies, or other 
factors. 

Recommendations and regulations are also updated periodically as more information becomes available. For the most 
current information, check with the federal agency or organization that provides it. Some regulations and 
recommendations for ammonia include the following: 

EPA regulates the ammonia content in waste water released by several industries. Any discharges or spills of ammonia 
of 100 pounds or more, or of ammonium salts of 1,000 or 5,000 pounds (depending upon the compound), must be 
reported to EPA. 

Some restrictions have been placed on levels of ammonium salts allowable in processed foods. FDA states that the levels 
of ammonia and ammonium compounds normally found in food do not pose a health risk. Maximum allowable levels in 
processed foods are as follows: 0.04-3.2% ammonium bicarbonate in baked goods, grain, snack foods, and reconstituted 
vegetables; 2.0% ammonium carbonate in baked goods, gelatins, and puddings; 0.001% ammonium chloride in baked 
goods and 0.8% in condiments and relishes; 0.6-0.8% ammonium hydroxide in baked goods, cheeses, gelatins, and 
puddings; 0.01% monobasic ammonium phosphate in baked goods; and 1.1% dibasic ammonium phosphate in baked 
goods, 0.003% in nonalcoholic beverages, and 0.012% in condiments and relishes. 

OSHA has set an 8-hour exposure limit of 25 ppm and a short-term (15-minute) exposure limit of 35 ppm for ammonia 
in the workplace. NIOSH recommends that the level in workroom air be limited to 50 ppm for 5 minutes of exposure. 

top 
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Where can I get more information? 

If you have questions or concerns, please contact your community or state health or environmental quality department 
or: 

For more information, contact: 
Agency for Toxic Substances and Disease Registry 
Division of Toxicology and Human Health Sciences 
1600 Clifton Road NE, Mailstop F-57 
Atlanta, GA 30329-4027 
Phone: 1-800-CDC-INFO • 888-232-6348 (TTY) 
Email: Contact CDC-INEO 

ATSDR can also tell you the location of occupational and environmental health clinics. These clinics specialize in 
recognizing, evaluating, and treating illnesses resulting from exposure to hazardous substances. 

Information line and technical assistance: 
Phone: 888-422-8737 

To order toxicological profiles, contact: 
National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 
Phone: 800-553-6847 or 703-605-6000 

Disclaimer 
Some PDF files may be electronic conversions from paper copy or other electronic ASCII text files. This conversion 
may have resulted in character translation or format errors. Users are referred to the original paper copy of the 
toxicological profile for the official text, figures, and tables. Original paper copies can be obtained via the directions on 
the toxicological profile home page, which also contains other important information about the profiles. 

The information contained here was correct at the time of publication. Please check with the appropriate agency for any 
changes to the regulations or guidelines cited. 

top 
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HRS Scoring 



**** CONFIDENTIAL **** 
****PRE-DECISIONAL DOCUMENT **** 

**** SUMMARY SCORESHEET **** 
**** FOR COMPUTING PROJECTED HRS SCORE **** 

**** Do Not Cite or Quote **** 

Region: Region 4 

Evaluator: Wesley Turner 

Date: 06/09/2016 

Site Name: Richmond Ice Plant 
Scenario Name: pond area worst case 

City, County, State: Richmond/Madison, 
Kentucky 

EPA ID#: KYD042943217 

Lat/Long: 37:44:27,-84:17:14 

Congressional District: 

This Scoresheet is for: PA 

Scenario Name: pond area worst case 

Description: This scenario is based on the entire pond area associated with the Ice Plant. Used oil 
constituents were used as the COCs and lead 

S pathway 2 S pathway 

Ground Water Migration Pathway Score (Sgw) 0.11 0.01 

Surface Water Migration Pathway Score (Ssw) 33.06 1092.96 

Soil Exposure Pathway Score (Ss) 0.0 0.0 

Air Migration Score (Sa) 0.0 0.0 

sV + s\w + s\ + s\ 1092.98 

(SV+S\„+S\ + S\)/4 273.24 

/(S'ew+S\w+S', + S\)/4 
16.53 

Pathways not assigned a score (explain): 



TABLE3-1 -GROUNDWATER MIGRATION PATHWAYSCORESHEET 
Factor categories and factors 

Aquifer Evaluated: General Groundwater 
Likelihood of Release to an Aquifer: 

1. Observed Release 
2. Potential to Release: 

2a. Containment 
2b. Net Precipitation 
2c. Depth to Aquifer 
2d. Travel Time 
2e. Potential to Release [lines 2a(2b + 2c + 2d)] 

3. Likelihood of Release (higher of lines 1 and 2e) 
Waste Characteristics: 

4. Toxicity/Mobility 
5. Hazardous Waste Quantity 
6. Waste Characteristics 

Targets: 
7. Nearest Well 
8. Population: 

8a. Level I Concentrations 
8b. Level II Concentrations 
8c. Potential Contamination 
8d. Population (lines 8a + 8b + 8c) 

9. Resources 
10. Wellhead Protection Area 
11. Targets (lines 7 + 8d + 9 + 10) 

Ground Water Migration Score for an Aquifer: 
12. Aquifer Score [(lines 3 x 6 x 11)/82,5000] 

Maximum Value 

550 

10 
10 
5 
35 
500 
550 

(a) 
(a) 
100 

(b) 

(b) 
(b) 
(b) 
(b) 
5 
20 
(b) 

100 

Value Assigned 

550.0 

0.0 
0.0 
1.0 
1.0 
0.0 

1.0 
100.0 

0.0 

0.0 
0.0 
0.0 
0.0 
5.0 
0.0 

550.0 

3.0 

5.0 

0.11 

Ground Water Migration Pathway Score: 
13. Pathway Score (S.|..), (highest value from line 12 for all aquifers evaluated) 100 0.0 

Maximum value applies to waste characteristics category 
Maximum value not applicable 
Do not round to nearest integer 



TABLE 4-1 --SURFACE WATER OVERLAND/FLOOD MIGRATION COMPONENT SCORESHEET 
Factor categories and factors Maximum 

Value 
Value Assigned 

Watershed Evaluated: Kentucky River 
Drinking Water Threat 

Likelihood of Release: 
1. Observed Release 
2. Potential to Release by Overland Flow: 

2a. Containment 
2b. Runoff 
2c. Distance to Surface Water 
2d. Potential to Release by Overland Flow [lines 2a(2b + 2c)] 

3.Potential to Release by Flood: 
3a. Containment (Flood) 
3b. Flood Frequency 
3c. Potential to Release by Flood (lines 3a x 3b) 

4. Potential to Release (lines 2d + 3c, subject to a maximum of 500) 
5. Likelihood of Release (higher of lines 1 and 4) 

Waste Characteristics: 
6. Toxicity/Persistence 
7. Hazardous Waste Quantity 
8. Waste Characteristics 

Targets: 
9. Nearest Intake 
10. Population: 

10a. Level 
10b. Level 

Concentrations 
I Concentrations 

10c. Potential Contamination 
lOd. Population (lines 10a + 10b + 10c) 

11. Resources 
12. Targets (lines 9 + lOd + 11) 

Drinking Water Threat Score: 
13. Drinking Water Threat Score [(lines 5x8x12)/82,500, subject to a max of 100] 

Human Food Chain Threat 
Likelihood of Release: 

14. Likelihood of Release (same value as line 5) 
Waste Characteristics: 

15. Toxicity/Persistence/Bioaccumulation 
16. Hazardous Waste Quantity 
17. Waste Characteristics 

Targets: 
18. Food Chain Individual 
19. Population 

19a. Level I Concentration 
19b. Level II Concentration 
19c. Potential Human Food Chain Contamination 
19d. Population (lines 19a + 19b + 19c) 

20. Targets (lines 18 + 19d) 
Human Food Chain Threat Score: 

21. Human Food Chain Threat Score [(lines 14x17x20)/82500, subject to max of 100] 
Environmental Threat 

Likelihood of Release: 
22. Likelihood of Release (same value as line 5) 

Waste Characteristics: 
23. Ecosystem Toxicity/Persistence/Bioaccumulation 
24. Hazardous Waste Quantity 
25. Waste Characteristics 

550 

10 
10 
5 
35 

10 
50 
500 
500 
550 

(a) 
(a) 
100 

50 

(b) 
(b) 
(b) 
(b) 
5 
(b) 

100 

550 

(a) 
(a) 
1000 

50 

(b) 
(b) 
(b) 
(b) 
(b) 

100 

550 

(a) 
(a) 
1000 

550.0 

0.0 
0.0 
3.0 
0.0 

0.0 
0.0 
0.0 
0.0 

10000.0 
10.0 

0.0 

0.0 
0.0 
0.5 
0.5 
0.0 

5.0E8 
10.0 

20.0 

0.0 
0.0 
0.0 
0.0 

550.0 

18.0 

0.5 

0.06 

550.0 

180.0 

5.0E8 
10.0 

20.0 

24.0 

550.0 

180.0 



Targets: 
26. Sensitive Environments 

26a. Level I Concentrations (b) 0.0 
26b. Level II Concentrations (b) 0.0 
26c. Potential Contamination (b) 7.5 
26d. Sensitive Environments (lines 26a + 26b + 26c) (b) 7.5 

27. Targets (value from line 26d) (b) 7.5 
Environmental Threat Score: 

28. Environmental Threat Score [(lines 22x25x27)/82,500 subject to a max of 60] 60 9.0 
Surface Water Overland/Flood Migration Component Score for a Watershed 
29. Watershed Score (lines 13+21+28, subject to a max of 100} 100 33.06 

Surface Water Overland/Flood Migration Component Score 
30. Component Score (S:„) (highest score from line 29 for all watersheds evaluated) 100 33.06 
' Maximum value applies to waste characteristics category 
' Maximum value not applicable 

Do not round to nearest integer 



TABLE 4-25 -GROUND WATER TO SURFACE WATER MIGRATION COMPONENT SCORESHEET 
Factor categories and factors Maximum Value Value Assigned 

Watershed Evaluated: Kentucky River 
Drinking Water Threat 

Likelihood of Release to an Aquifer: 
1. Observed Release 
2. Potential to Release: 

2a. Containment 
2b. Net Precipitation 
2c. Depth to Aquifer 
2d. Travel Time 
2e. Potential to Release [lines 2a(2b + 2c + 2d)] 

3. Likelihood of Release (higher of lines 1 and 2e) 
Waste Characteristics: 

4. Toxicity/Mobility 
5. Hazardous Waste Quantity 
6. Waste Characteristics 

Targets: 
7. Nearest Well 
8. Population: 

8a. Level I Concentrations 
8b. Level II Concentrations 
8c. Potential Contamination 
8d. Population (lines 8a + 8b + 8c) 

9. Resources 
10. Targets (lines 7 + 8d + 9) 

Drinking Water Threat Score: 
11. Drinking Water Threat Score ([lines 3 x 6 x 10]/82,500, subject to max of ICQ) 

Human Food Chain Threat 
Likelihood of Release: 

12. Likelihood of Release (same value as line 3) 
Waste Characteristics: 

13. Toxicity/Mobility/Persistence/Bioaccumulation 
14. Hazardous Waste Quantity 
15. Waste Characteristics 

Targets: 
16. Food Chain Individual 
17. Population 

17a. Level I Concentration 
17b. Level II Concentration 
17c. Potential Human Food Chain Contamination 
17d. Population (lines 17a + 17b + 17c) 

18. Targets (lines 16 + 17d) 
Human Food Chain Threat Score: 

19. Human Food Chain Threat Score [(lines 12x15x18)/82,500,suject to max of 100] 
Environmental Threat 

Likelihood of Release: 
20. Likelihood of Release (same value as line 3) 

Waste Characteristics: 
21. Ecosystem Toxicity/Persistence/Bioaccumulation 
22. Hazardous Waste Quantity 
23. Waste Characteristics 

Targets: 
24. Sensitive Environments 

24a. Level I Concentrations 
24b. Level II Concentrations 

550 

10 
10 
5 
35 
500 
550 

(a) 
(a) 
100 

(b) 

(b) 
(b) 
(b) 
(b) 
5 
(b) 

100 

550 

(a) 
(a) 
1000 

50 

(b) 
(b) 
(b) 
(b) 
(b) 

100 

550 

(a) 
(a) 
1000 

(b) 
(b) 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 



24c. Potential Contamination (b) 0.0 
24d. Sensitive Environments (lines 24a + 24b + 24c) (b) 0.0 

25. Targets (value from line 24d) (b) 0.0 
Environmental Threat Score: 

26. Environmental Threat Score [(lines 20x23x25)/82,500 subject to a max of 60] 60 0.0 
Ground Water to Surface Water Migration Component Score for a Watershed 

27. Watershed Score (lines 11 +19 + 28, subject to a max of 100) 100 0.0 
28. Component Score (S,:) (highest score from line 27 for all watersheds evaluated, 100 QQ 
subject to a max of 100) 
' Maximum value applies to waste characteristics category 
' Maximum value not applicable 

Do not round to nearest integer 



TABLE 5-1 -SOIL EXPOSURE PATHWAY SCORESHEET 
Factor categories and factors Maximum Value Value Assigned 

Likelihood of Exposure: 
1. Likelihood of Exposure 

Waste Characteristics: 
2. Toxicity 
3. Hazardous Waste Quantity 
4. Waste Characteristics 

Targets: 
5. Resident Individual 
6. Resident Population: 

6a. Level I Concentrations 
6b. Level II Concentrations 
6c. Population (lines 6a + 6b) 

7. Workers 
8. Resources 
9. Terrestrial Sensitive Environments 
10. Targets (lines 5 +6c+ 7 + 8 +9) 

Resident Population Threat Score 
11. Resident Population Threat Score (lines 1 x 4 x 10) 

Nearby Population Threat 
Likelihood of Exposure: 

12. Attractiveness/Accessibility 
13. Area of Contamination 
14. Likelihood of Exposure 

Waste Characteristics: 
15. Toxicity 
16. Hazardous Waste Quantity 
17. Waste Characteristics 

Targets: 
18. Nearby Individual 
19. Population Within 1 Mile 

20. Targets (lines 18 + 19) 
Nearby Population Threat Score 

21. Nearby Population Threat (lines 14 x 17 x 20) 
Soil Exposure Pathway Score: 

22. Pathway Score' (S:), [lines (11+21)/82,500, subject to max of 100] 

550 

(a) 
(a) 
100 

50 

(b) 
(b) 
(b) 
15 
5 
(c) 
(b) 

(b) 

100 
100 
500 

(a) 
(a) 
100 

1 
(b) 

(b) 

(b) 

100 

0.0 

0.0 

0.0 

0.0 

0.0 

10.0 
20.0 

0.0 
0.0 

5.0 

0.0 

1.0 
6.60000000000 

00005 
7.6 

0.0 

0.0 
' Maximum value applies to waste characteristics category 
' Maximum value not applicable 

No specific maximum value applies to factor. However, pathway score based solely on terrestrial sensitive environments is limited 
to a maximum of 60 
' Do not round to nearest integer 



TABLE 6-1 --AIR MIGRATION PATHWAY SCORESHEET 
Factor categories and factors Maximum Value Value Assigned 

Likelihood of Release: 
1. Observed Release 550 
2. Potential to Release: 

2a. Gas Potential to Release 500 
2b. Particulate Potential to Release 500 
2c. Potential to Release (higher of lines 2a and 2b) 500 

3. Likelihood of Release (higher of lines 1 and 2c) 550 
Waste Characteristics: 

4. Toxicity/Mobility (a) 
5. Hazardous Waste Quantity (a) 
6. Waste Characteristics 100 

Targets: 
7. Nearest Individual 50 
8. Population: 

8a. Level I Concentrations (b) 
8b. Level II Concentrations (b) 
8c. Potential Contamination (c) 
8d. Population (lines 8a + 8b + 8c) (b) 

9. Resources 5 
10. Sensitive Environments: 

10a. Actual Contamination (c) 
10b. Potential Contamination (c) 
10c. Sensitive Environments (lines 10a + 10b) (c) 

11. Targets (lines 7 + 8d + 9 + 10c) (b) 
Air Migration Pathway Score: 

12. Pathway Score (S,) [(lines 3 x 6 x 11)/82,500] ' 100 
' Maximum value applies to waste characteristics category 
' Maximum value not applicable 
No specific maximum value applies to factor. However, pathway score based solely on sensitive environments is limited to a 

maximum of 60. 
' Do not round to nearest integer 



HRS Quickscore notes- Richmond Ice Company 

This scenario assumes an observed release. The Air Migration Pathway was not scored. The site score 

for the observed release worst case scenario for the pond area was 16.53. 

Source 

The source used was contaminated soil and a release of used oil to the surface water in the pond. 

Hazardous Substances 

The PA conducted in 1987 assumed toluene to be the typical contaminant. For the purposes of this SRA, 

polycyclic aromatic hydrocarbons (PAHs) and lead were chosen as the primary constituents of concern. 

The ice plant employed ammonia in the ice making process; therefore it will be considered also (Ref. 5) 

For the purposes of this report the black oily substance is assumed to be used oil and PAHs and lead 

assumed to be the COCs. Ammonia was also considered but based on information from ASTDR the 

residence time for an ammonia leak would be on the order of a few weeks at best since it is metabolized 

quickly by many organisms in the environment (Ref. 19). 

Soil Exposure Pathway 

No information concerning the dimensions of the oily substance staining the banks could be found; 

therefore the entire bank perimeter was evaluated using used oil (PAHs) and lead as the primary 

constituents of concern. 

Air Migration Pathway 

The Air Migration Pathway was not evaluated since there were no active emissions. 

Surface Water Pathway 

Since the substance was seen on the surface of the soil and the water in the pond, an observed release 

was assumed in this scenario. No analytical data exists for the release. 

Groundwater Pathway 

There are no groundwater (drinking water) users in the four mile radius and the surrounding area is 

supplied by a municipal drinking water supply. 

The release occurred in 1973 but the score was generated based on a current release as a worst case 

scenario. 

Summary 

This scenario does not support investigation under CERCLA. 




